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FORTRAN COMPUTER PROGRAMS FOR
CALCULATING THE AXISYMMETRIC ACOUSTIC RADIATION

FROM TWO COAXIAL SPHEROIDS

INTRODUCTION

The Helmholtz scalar wave equation is separable in both prolate and oblate spheroidal
coordinates. Thus the acoustic radiation from spheroidal surfaces vibrating with a known
normal velocity distribution can be calculated by use of eigenfunction expansions in
terms of spheroidal wave functions.

This report describes the documentation of two computer programs, PSPRDS
(Prolate SPheRoiDS) and OSPRDS (Oblate SPheRoiDS), which have been developed to
calculate acoustic radiation from two prolate or two oblate spheroids, respectively. The
programs handle only axially symmetrical problems. A Green's function approach is used
with the necessary Green's function being expanded in spheroidal wave functions about
both spheroids. An addition theorem which expresses spheroidal wave functions in one
coordinate system in terms of spheroidal wave functions in another coordinate system
was developed [1] to facilitate application of homogeneous Neumann boundary con-
ditions on the two spheroids in order to determine the unknown expansion coefficients.

The basic inputs to the programs are the geometry of the spheroidal configuration
which includes the shape and the acoustic size of each spheroid, the separation between
the centers of the two spheroids, and the normal velocity distribution on the surface of
each spheroid. The output consists of self- and mutual-radiation impedances, the
azimuthal far-field pressure distribution, and values of the acoustic pressure at desired
near-field points.

The analysis is presented in the first section. Although the development parallels
that given in a previous report describing some numerical results obtained using PSPRDS
and OSPRDS [2], some of the equations have been rearranged so that they closely
match the corresponding Fortran expressions. The remainder of the report describes
the computer programs. Included are discussions of the programs' main structure, sub-
routines, input, output, accuracy, and speed of computation. The reader is referred to
Ref. 2 for some examples of problems that have been solved using PSPRDS and OSPRDS.

ANALYSIS

The prolate spheroidal coordinates (, 71, i) are related to Cartesian coordinates by
the transformation

Note: Manuscript submitted November 9, 1973.
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= (1 - 2)1/2(2 - 1)1/2 cos

Y = d (1 - q2)1/2(Q2 - 1)1/2 sino,

d
Z = 2t' (1)

where d is the interfocal distance, and where 1 6 t < 0, -1 < I? < 1, and 0 < < 2r.
This geometry is shown in Fig. 1. In the Cartesian coordinate system the surface of
constant t is a prolate spheroid having a major axis of length td and a minor axis of
length (Q2.- 1)1/ 2 d. The surface of constant 71 is one sheet of a hyperboloid of two
sheets. The surface of constant 0 is a half-plane, as in the spherical coordinate system.

The corresponding transformation for the oblate spheroidal coordinates is

dx = 2 -(l - 712)1/2(82 + 1)1/2 cost

Z dt' 2
y = 2-(1 _ 72)1I2(82 + 1)1/2 sin tk

= d 7 (2)

where now 0 < <00, -1 < q < 1 and 0 < 0 < 27r.

The oblate geometry is shown in Fig. 2. Here the surface of constant t is an oblate
spheroid having a major axis of length (Q2 + 1)1 /2d and a minor axis of length td. The
surface of constant i1 is a hyperboloid of one sheet. The oblate spheroidal coordinate
system can be obtained from the prolate spheroidal coordinate system by use of the
interchange t -+ it and d -e -id. Expressions developed for prolate spheroidal geometry can
be converted into analogous expressions for oblate spheroidal geometry by use of the
same interchange. Consequently, although only the prolate expressions are given ex-
plicitly in the following discussion, the corresponding oblate expressions are also valid.

Consider two spheroidal surfaces S1 and S2 , which are parallel and share a common
z axis, as shown in Fig. 3. Spheroidal coordinate systems C1(Q1, %, 01) and C2 (t 2, rq2, 02)
are established which contain Sl(ti = t1o) and S2(Q2 = t2o), respectively, as natural
coordinate surfaces. The interfocal lengths of the two systems are d1 and d2, and the
separation of.their origins is r12. The region outside both S1 and S2 is assumed to be
filled with an infinite homogeneous fluid of mass density p and sound speed c. The
surfaces S1 and S2 are assumed to be vibrating with rotationally symmetrical normal
velocity distributions whose spatial dependences are given by vl(pq1) and V2 0(72). The
time dependence is taken to be harmonic, with the factor eight being suppressed.

2
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Fig. 1-The prolate spheroidal coordinate system

Fig. 2-The oblate spheroidal coordinate system
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Z

S2 2

Fig. 3-The two-spheroid geometry

The acoustic pressure produced at a point r exterior to both S1 and S2 can be ob-
tained by use of the integral formulation [3]

+ fs v2(t12)G(r, r')dS(r') ], (3)

22

where the Green's function G(r, r') is the solution to the equation

[V2(r') + k2 ]G(r, r') = - 4irT5(r' - r), (4)

which satisfies the radiation condition at infinity and whose outward normal derivative
aG(r, r')/an vanishes over both Si and S2. Here k = 2ir/)X, where X2 is the wavelength.
The Green's function is obtained by a procedure analogous to that used by New and
Eisler (4) for the two-sphere problem.

First the Green's function is written as a sum of the free-space Green's function,
which is the particular solution to Eq. (4), and scattering contributions from both So and

S2' which form the complementary solution and are expressed as eigenfunctions of the
homogeneous equation (V2 + k 2 )'P = 0. Since the normal velocity distribution is chosen
to be rotationally symmetrical, only the m = 0 terms in the Green's function contribute
to the resulting rotationally symmetrical acoustic pressure. Thus, the m u 0 terms will

4
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be dropped, and the effective Green's function is given by

00

Ir - r'I I ok 110
m=0 £=0

00

+ BQ%4Q)(h2 ; t21 712),
Q=0

where the spheroidal wave functions for m = 0 are given by

'P2(h; #, w) = R((h, t)S(l1)(h, q)

- iR(02)(h, t)Sol)(h, i)

= *o1(h; t, q) - iI' 2)(h; t, 7). (6)

Here QI, 7'1, 0j) and (2, 7l2, O2) are the spheroidal coordinates of r' in C1 and C2, and
the acoustic size parameters h1 = kd1 /2 and h2 = kd2 /2. The spheroidal angle wave func-
tion of the first kind SW(h, i?) and the spheroidal radial wave functions of the first and
second kind R(i (h, t) and Rff(h, t) used in this report are those defined by
Flammer [5]. The angle function can be expanded in a series of the corresponding
Legendre functions

SW(h, q) = ' dn(h IO)P (71), (7)
n=O,1

where the prime indicates that the summation is over even or odd values of n according
to whether Q is even or odd. The radial functions R(l (h, t)and R()(h, t) correspond
to spherical Bessel functions of the first and second kinds and are normalized so that
'(I 4 (h; t, q) represents outgoing waves for eiOt time dependence.

The free-space Green's function can be expanded in terms of spheroidal wave func-
tions in either C1 or C2. The m = 0 term is given by

00

[e-ikjr-r'jI 2 (-2ik <FI4)(h; 8, 7)4i)(h; , 7'), t <
Ir whre rNO e etxy(h; 77), > (8

where
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No, = 1 [Sgi)(h, 7)] 2d77 = L 2(hnI+) (9)-1 ~~~~~nOl(2n + 1)

The effective Green's function which results from combining Eqs. (5) and (8)
contains spheroidal wave functions in both coordinate systems C1 and C2. Application
of the boundary conditions on S1 or S2 to determine A2 and Bk is difficult if G0(r, r')
is not expressed entirely in C1 or C2, respectively. Fortunately, this can be accomplished
by the use of a spheroidal addition theorem which expresses a spheroidal wave function
with reference to one coordinate frame in terms of spheroidal wave functions with
reference to a second coordinate frame. The general addition theorem for spheroidal
wave functions which is derived in Ref. 1 allows for arbitrary relative position and
orientation of the two coordinate frames and is applicable whether the two spheroidal
coordinate frames are both prolate, both oblate, or one prolate and one oblate. For the
present application, the addition theorem reduces to the following form:

00

*(041)(hi Ci' hi)' = lt(hj q! i), (10)
n=O

where

Cy= L (_l)(S-n)/28 i 0 r0 d,(h 0

X A' + a(s, t, r, O. O)hi2)(krl2p~ooi (1 1)

E I + N E2j1t(CdSh 09)

tPIr-sI

with the prime sign indicating that the summation is steps of two, and that s or r is
taken to be even or odd according to whether n or 2 is even or odd. The function
hi2)(kr12) is a spherical Hankel function of the second kind. The angles 021 and 012 are
equal to 0 and 7r, respectively, so that Pt(cos 021) = 1 and Pt(cos 012) = (-l)t. The
coefficient a(s, t, r, 0, 0) is given by

(-l)X(2s + 1)(2t +1)(2X!(2X2)2 (12)
a(s, t, r, 0, 0) =(2A + 1)!(X!X1!X2!)2 (12)

where

A (r + s + t)
A- 2

X = A -
,= A - a,
2 =A -t.

Use of the addition theorem for i = 2 and j = 1 leads to the following form of the
effective Green's function expressed entirely in C1 :

6
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00

GO(r, r') =QQQ QQQ QQQQQQQQQQQQQQQQQQ E *W tQ(h,; t,%)1 W1)t(hj; tl, 77'1)
k=0 ~O

00

+ E [AQ4 (hj; ,4)
k=0

00

+ BQ E CQ"IK W)(hl; ,71)] X (13)
n=0

where tj > t' as required for the present discussion.

Differentiating G0(r, r') with respect to t1, setting this equal to zero at t1 -t.0
multiplying by S(' (h1 , t4 )d71, and integrating over 71' from -1 to 1, the range of
orthogonality for Lhe spheroidal angle wave functions, one obtains the following set of
equations:

00

j?(4(hl) t1O)Aq + R'(1)(hl 1)EC c2B
Q=0

= (N-k) Rh()(hj, t 1 0 )T(4 )(hj; t 1 n1 ), q = O to 00, (14a)

where the dot indicates the derivative with respect to t. The effective Green's function
can also be expressed entirely in C2 in order to apply the boundary condition on S2 . Use
of the procedure indicated above leads to the additional set of equations:

00

R_4(h2 t2 0 )Bq + Rl)(h 2 T20) E Cj2A
Q=0

2 i) Rkl(h2 , t 2 0)'I'(h 2 ; t2 X2)s q = 0 to . (14b)

In theory, the doubly infinite set of simultaneous equations obtained by combining Eqs.
(14a) and (14b) can be solved for the unknowns Ak and Bk, Q = 0 to -. In practice,
the summations over 9 in Eq. (13) are truncated at Q = L and the resulting 2L + 2
equations are solved for A9 and Bk, Q = 0 to L. The choice for L depends on the
normal velocity distributions vj(771 ) and v2 (,'s) and the required accuracy of the results.
An estimate for L is given by the highest order that must be retained in the expansion
of vl (n1 ) and V2( n2) in terms of the appropriate spheroidal angle wave functions in
order to represent them to within the required accuracy. Equations (14a) and (14b) can
be written in the truncated form

7
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2L+1

2 Mq 9b _ gq,

0=O

q = Oto2L + 1,

where the coefficients bk are given by

b= 2ik9 -A

and

b = BLL-1 _ B
2ik --

forQ = OtoL

for Q = L + 1 to 2L + 1 .

The matrix elements Mq9Q are given by

8q95

R2Lq)(h , q 10 )

Rg Vq)(hl, t10) ItL-~

R g~qL- (2 t0 9,-L1
Ri Vq'_L_j (h2,t20) '

for q,Q = 0 to L
and q,Q = L + 1 to 2L + 1

forq = OtoL;Q = L + lto2L + 1

forq = L + lto2L + 1;9 = OtoL. (16)

The right-hand side elements gq are the expressions

1R Vf)(h 1, 6)Nq Oq 1 )

R 2qL-l(h2 , 620)

R04q-L-1 (h2 t2 6WO~q-L-1

for q = 0 to L

-1(h2; t2 ' 2 ) for q = L + 1 to 2L + 1. (17)

The symbol _ indicates that L is chosen large enough
the final results. Note that A 9 and B9 depend on the
hand side. Equation (15) can be inverted to give

to ensure the desired accuracy in
field point only through the right-

2L+1

b _ T MqgqI
q=O

8
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so that once the inverse elements have been obtained for a given frequency and geometry,
AV and Bk and, consequently, the effective Green's function, can be calculated for any
field point by simple matrix multiplication.

The acoustic pressure is now evaluated from Eq. (3). Consider the first term, where
the area element is given by

dS(d) (ti 2 - 1)l/2(ao 2 - 71 2)1/2dq~jd01 (19)

Expressing the r' dependence of the effective Green's function entirely in C1 and inte-
grating, one obtains

pl(r) _ hj 2pc(Q12 - 1)1/2vlmg

L

_ T 9=R0 (hj, tjo)IoQ
k=0

L

E RWl2(hl, (lo)QIPW)t4(hj; t1,,%)INok(hj)
R=o

L L

_ E B 9 E CQ~lRo)(h 1 , t 410'O j , (20)

R=o n=O

(21)IJol ) = fs (tj _ 7?12 /2g,(i )So-Q1)(hj, 71' )dq'l,

where the velocity distribution vl(771) has been factored into the product of a normaliza-
tion vlmax which is equal to the maximum value on Si of the amplitude of vl(fl1 ) and
a dimensionless distribution function 3

1(n). Note that the term Noq(hl) depends on the
acoustic size parameter h1 .

These expressions give the acoustic pressure when S1 is vibrating and v2 (71'2) is
identically zero, so that S2 acts only as a rigid scatterer. When S2 is vibrating also, the
second term in Eq. (3) must be included. Expressing the r' dependence of the effective
Green's function entirely in C2 and integrating, one obtains

p2 (r) - h2pc( 2 - 1)1/2v2 20 2,max

L

- 7 B9R(o4k)(h2, t20)4Q
9=0

L

ER (019)(h 22, t20)Io~k)IP(04(h2; t20 172)/NoQ(h2)
Q=o

L L?- AQ ECn2Ra)(h 2 t20)4n,
Q=0 n=0

where the integrals Io0) are given by Eq. (21) with the superscript 1 replaced by the
subscript 2. Thus the total acoustic pressure p(r), when S, is vibrating with the velocity.
distribution vl(ni1) and S2 is vibrating with the velocity distribution v2 (7'2), is given by

9

10
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p(r) = pl(r) + p2(r) - (23)

The acoustic pressure in the far field can be obtained from Eqs. (20) and (22) with
the use of the limiting form for the spheroidal wave functions,

RO(4k)(h, t) -- f!h ei~r/2)(Q+1) 
ei00 ht

In the following discussion the band-shaped region on the spheroidal surface S,
bounded by the curves 71 = t71L and 7t = 771U (see Fig. 4) is assumed to vibrate with
uniform normal velocity V1, while the remainder of Sl and all of S2 are assumed to be
rigid i.e., VImax = V1 and (1(%1) is equal to unity for 7t1L <711 <,qlu and equal to
zero otherwise. For the case of uniform vibration, the normalized acoustic radiation
self-impedance z11 is defined by

(24)

Z11 =rl + ix1 i = (cV 1 a P1 (r)dS(r),
(25)

where the real quantities r1l and x1l are the normalized acoustic radiation self-resistance
and the normalized acoustic radiation self-reactance, respectively, and where d, is the
area of the vibrating region. The less descriptive names radiation impedance, radiation
resistance, and radiation reactance will be used in the remainder of the report. Note that
the use of Eq. (25) requires a knowledge of the acoustic pressure over the surface S1.
Although the free-space Green's function and, consequently, the effective Green's func-
tion is singular at the point r = r' so that the expansions given in Eq. (8) do not con-
verge at that point, the singularity is integrable, and the resulting expression for the
acoustic, pressure given in Eq. (20) converges to the correct value for field points on S1.
Expressing p1 (r) entirely in C1 by use of the addition theorem in Eq. (10) and integrating,
one obtains

z

77 1 7leU

1= '1L

x

Fig. 4-Velocity band on
spheroid 1
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hli(sto - 1)1/2
W1

L L

_ 0 R=40)(hl, s,.)Io()T ( E
Q=O Q=O

where

[- iRoj)(hj, t 1o)R 0j)(hj t1 o) J(1)

L ] R(04j) (h, , tj 0)Noj (h,) Oj

L

R() E

j=O

+ M-1 )(h2 , 20)
Qj+L+l Rf4) (h2, t 20 )No0 (h2 )

f =? _Q(0 (- n?2)1 /2dn .
'?1L

Note that Zn does not depend on the magnitude V1 of the normal velocity but does
depend on the velocity distribution 1.

Similarly, the force produced by p1 (r) on that part of the spheroid S2 bounded by
the curves q = q2L and 71 = ??2U can be calculated and used to obtain the normalized
acoustic radiation mutual impedance Z21 . This gives

Z21 r2 1 + x 2 1= (pCV1 c 2)
J72UJ pi(r)dS(r),
72L

where the real quantities r21 and x21 are called the normalized acoustic radiation mutual
resistance and the normalized acoustic radiation mutual reactance, respectively, and where
C 2 is the area of the integration on S2. Using the addition theorem to express p1 (r)
entirely in C2 and integrating, one obtains

h2(t 02- 1)1/2
Z21 = W2

L
RW(hi I tio)I((1/N0(hln) 0c1

n=O

L

- )L T 12)RW42(hl, stjo)NQ
Q=O

(30) Continued

11

L

R+(1 l n C=0 lR l)(h e 0 ,

n=O

(26)

and

Lr= Cj20IRor)(hi0 6)
r=O

(27)

(28)

(29)

X R ln)(h2 t20)

L
� ' R01�(hj, �10)R04k)(hj, �10)I('Y')INO�(hj)
V=0 Ok Ok
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(30) Continued

L

9=0

L

C2n'Rol )hi, 6l)(O I
n=O

where the expression for W2 is obtained from Eq. (28) by the interchange of the index
2 for the index 1, and where

TV~2) = MI [?* )(hi, e) L

+ M-1 Roij)(h2, t 2 0)Roj)(h2 X20 )
9,j+L+1 j4)(h t 2 0 )NOj(h 2) °- 

Cjr2 Rojr)(h 2 s20)2Or

(31)

It is now assumed that the region of the spheroidal surface S2 bounded by the
curves q = 1?2L and 77 = 1l2U vibrates with uniform normal velocity V2, while the remainder
of S2 and all of S, are assumed to be rigid, i.e., V2,max = V2 and ,22(??2) is equal to unity
for 7?2L < 772 < r?2U and equal to zero otherwise. In this case the normalized acoustic
radiation self-impedance Z22 is defined by Eq. (25) with the index 1 replaced everywhere
by the index 2. Expressing P2(r) entirely in C2 and integrating, one obtains

Z _h2 (d - 1)1/22 w20

L L L 

- ETQ2)EZ CnRo)(h 2, S20)4rC - R 4)(h2 , e20)49)¾+)L+1 .
Q=O n=O Q=O

(32)

Similarly, the normalized acoustic radiation mutual impedance Z12 is obtained by
expressing p2 (r) entirely in C1 and integrating over the region ??1L 6 l < rl.u on S1. The
result is

h2(20 - 1)1/2
Z12 -2 2 W1

L L.

{ RWJ(h2, 2 )2Q)INo(h 2) C2Rn)(hj ,o)n)
_Q=O n=O

L L L

_ L Q1)E Cn2Rin)h2 e~oo~n _ TV1++1 R (04Q)(h s2)OQ .- ET n)= CQOR(h2, 20 ) -
k=0 n=0 k=0

(33)

Using the reciprocity of the Green's function (i.e., it is symmetrical to an interchange
of the source and the field points), one can show that the normalized acoustic radiation
mutual impedance Z1 2 is related to the mutual impedance z 2 1 by

12

L

T R (019) (h ) R oft) (h )I(02�Q INOR (h
21 t2O 21 t2O 2)

9=0
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-I2 (I= Z21 ( 2* (34)

Consequently, in PSPRDS and OSPRDS the impedance z21 is obtained by multiplying
by e 1 /(2 the value for Z12 calculated from Eq. (33).

The four impedance terms z11 , Z2 1 , Z1 2 , and Z2 2 are defined to be independent of
the normal velocity magnitudes but dependent on the velocity distributions. Therefore,
they characterize the two spheroid systems when the region ??1L - T7h1 < flu on S, or
the region fl2L < 72 -<- 72U on S2 is vibrating with a unit normal velocity. Because of
linear superposition, the total acoustic force F1 acting on the vibrating region of S1 when
both S1 and S2 are vibrating with normal velocities V1 and V2, respectively, can be
obtained from z11 and Z1 2 by use of

F1 = pc" 1 (z11 V1 + Z1 2 V2 ) (35)

Similarly, the total acoustic force acting on the vibrating part of S2 is given by

F2 = pca 2 (z22 V2 + Z2 1 V 1). (36)

THE COMPUTER PROGRAMS PSPRDS AND OSPRDS

The computer programs PSPRDS and OSPRDS are both written in CDC 3600
Fortran for the CDC 3800 computer at the Naval Research Laboratory. Program
PSPRDS calculates acoustic radiation from two prolate spheroids, while OSPRDS
calculates acoustic radiation from two oblate spheroids. Appendixes A and B contain
listings of these programs.

Single-precision numbers in the CDC 3800 have 11 decimal digits, while double-
precision numbers have 26 decimal digits. The magnitude of numbers ranges from
10-307 to 10+307. These properties are used in PSPRDS and OSPRDS for scaling
certain functions and tests on convergence of various summations.

BASIC STRUCTURE OF THE COMPUTER PROGRAMS

The computer programs PSPRDS and OSPRDS are logically similar. Each contains
a large main program (over 1100 lines) and several subroutines. The main program con-
sists of four distinct parts: (a) parameter input, (b) spheroidal wave functions calcula-
tion, (c) matrix calculation, and (d) radiation calculations and output.

Parameter Input

The main function of this part is to read in all data cards necessary to execute the
program. The data cards provide all necessary information with the exception of three
parameters. These three parameters are given the following values in the main program:

Parameter Value Description

RHO 1000 Density of the fluid medium in
kg/m3

13
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CEE 1500 Speed of sound in the medium
in m/s

ICXI 26 Sum parameter (see Matrix
Calculation)

These values of RHO and CEE correspond to water and may be changed by the user if
other fluids are desired. The value of ICXI should not be changed.

This part also contains calculations of the limiting form for the spheroidal wave
functions (see Eq. (24)) to be used for far-field calculations.

A diagram of the arrangement of data cards for the computer programs PSPRDS and
OSPRDS is shown in Fig. 5. This figure is followed by a detailed description of each type
of data card.

Card 1. Summation Control Card

Variable Format Column Description

IDEM 15 1 to 5 Number of terms summed in
the impedance and pressure
equations, i.e., Eqs. (20), (22),
(26), (32), (33). It is equivalent
to L + 1. Its maximum value
is 30.

IDEMPI I5 6 to 10 Maximum number of terms
summed in the inner sum over
r of Eq. (11) for the imaginary
part of the matrix M. It has
a maximum value of 100.

IDEMPR I5 11 to 15 Maximum number of terms
summed in the inner sum
over r of Eq. (11) for the
real part of the matrix M. It
has a maximum value of 40.

Card 2. Geometry for Spheroid 1

Variable Format Column Description

X for oblate D10.5 1 to 10 Value of the shape parameter 0
Z for prolate where 0 < t10 < °, when sphe-

roid 1 is oblate. Value of tj0 - 1
where 1 < t10 < °°, when
spheroid 1 is prolate.

H D10.5 11 to 20 Acoustic size parameter h1 of
spheroid 1.

14
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The expression V/(&10 + 1)(t1o - 1) is required in PSPRDS. Since values of tj0 for
prolate spheroids can be very close to 1, say 1.0000001, tjo - 1 is the input. This avoids
a subtraction error and subsequent loss of significant figures which would occur if t10 - 1
were calculated from tj0 in the program.

I
:X.

,_r.

Card 3. Geometry for Spheroid 2

The input format for the geometry of spheroid 2 is identical to that of the geometry
for spheroid 1. Note that if the two spheroids have different values for the acoustic
size parameter H (h in the theory), the larger value should be associated with spheroid 1
since more terms can be used in the inner summation (up to 100 terms) for matrix M
than in the outer summation (up to 26 terms).

Card 4. Spheroid Separation

Format

D10.5

Column

1 to 10

Description

Parameter a gives the distance
r12 between the centers of
the two spheroids in units of
d1 /2, i.e., r12 = (d 1/2)a. The
corresponding acoustic distance
kr1 2 = h1 a where h1 is the
value of H input on Card 2.

Note that the two spheroids must not overlap. This requires that a > 6 + t20h2 /h1 .

Card 5. Velocity Value and Location on Spheroid 1

Variables

IVELl

VELl

THETALM

THETAU1 -

Format

Ii

C(F9.3,F10.3)

D10.5

D10.5

Column

1

2 to 20

21 to 30

31to 40

Description

Integer parameter set equal to
0 if the normal velocity is equal
to 0, set unequal to 0 if the
normal velocity is not equal to
0.
Complex value of the normal
velocity on the vibrating band
on spheroid 1.
Lower boundary of the
vibrating band in degrees, i.e.,
THETALl = cos-1'?1L-
Upper boundary of the
vibrating band in degrees, i.e.,
THETAU1 = cos-1 ?1 U.

15
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Use one pair of cards for

each near-field point J

Use if near-field points follow

or if new problem is to follow J

8.
Use one pair of cards for

each far-field angle J

1. SUMMATION CONTROL CARD

Fig. 5-Input data cards
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Card 6. Velocity Value and Location on Spheroid 2

The input here is similar to that of Card 5. The corresponding variable names are
IVEL2, VEL2, THETAL2, and THETAU2.

Card 7. Far-field Control Card

Variable Format Column Description

NFF Ii 1 Equal to I

This card announces a far-field calculation and allows the program to use the far-field
asymptotic forms for the spheroidal radial wave functions. It must precede Card 8.

Card 8. Desired Far-field Angle

Variable Format Column Description

E D10.5 1 to .10 Far-field point in degrees;
00 < E < 1800. E corresponds
to the polar angle, i.e., the
angle that the far-field direction
makes with the positive z axis
(taken to be directed from
spheroid 1 to spheroid 2).

Program dimensioning allows for a maximum of 40 far-field points. This can be
changed by adjusting the dimensions of the variables ANGLE, FF, FFA, and FFM.

Card 9. Far-field Normalize Card

Variable Format Column Description

NFF I1 1 Equal to 2

This card is used if both far-field and near-field points are input. It causes the
far-field values to be normalized by the value in the direction of the first input far-field
angle and printed out. The card is not necessary if only far-field points are to be calculated
and only one problem is being run.

Card 10. Near-field Control Card

Variable Format Column Description

NFF Ii. 1 Equal to 0
(or blank)

This card announces a near-field calculation and must precede Card 11.

17
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Card 11. Desired Near-field Point

Variable Format Column Description

XCT D10.5 1 to 10 x coordinate of point in units of d1 /2
YCT D10.5 11 to 20 y coordinate of point in units of d1 /2
ZCT D10.5 21 to 30 z coordinate of point in units of d1 /2

This card describes the near-field point having Cartesian coordinates x, y, z with
respect to the Cartesian coordinate system centered at the origin of spheroidal system
C1 Q1, 71 01) and having the z axis as shown in Fig. 3. The coordinates are in units of
d1 /2, e.g., the point (0, 0, a/2) represents a point midway between the centers of the
two spheroids on the line connecting them. Care must be taken to insure that the
near-field point is exterior to both spheroidal surfaces.

Note that due to symmetry about the z axis, the acoustic pressures at points (a,
b, c) and (b, a, c) are equal.

Card 12. Problem Control Card

A problem control card having the number 3 punched in column 1 is used to
separate different problems. This enables any number of completely independent prob-
lems to be solved successively. Each separate problem must be described by a full com-
plement of data cards.

Spheroidal Functions Calculation

Accurate values for the spherodial wave functions are obtained using PRAD (6),
OBRAD (7), and ANGLEN (8), Fortran computer programs written in double-precision
arithmetic for the CDC 3800 computer. The second part of PSPRDS contains the
computational sections of PRAD and ANGLFN and requires the subroutines CALCPQ,
POLY, SBESF, and EIGEN. Similarly the second part of OSPRDS contains the computa-
tional sections of OBRAD and ANGLFN and requires the subroutines POLY, SBESF,
SPHYN, QLEG, and EIGEN. Double precision is maintained for these calculations
although the resulting wave function values are truncated to single precision for later
calculations. A printout of the spheroidal radial wave functions will occur if the Wronskian
accuracy check indicates that the accuracy of at least one of the four functions RW'Q(h, t),
iA1' (h, t), Ro2)(h, t), or RiW)(h, t) is less than five significant figures. (See the discussion
of the Wronskian accuracy check in the introduction in Refs. 9 or 10.) The statements
controlling this printout are

PRINT 933, L, Ri, RiD, R2, R2D, CL, IAC

933 FORMAT (1X*RADIAL FUNCTION ACCURACY WARNING*5XI3,

4D15.5, D20.10, 14)

The Fortran variable names RI, RID, R2, and R2D correspond to Ri )(h, t), RolQ)(h, t),
R(2)(h, t), and R1(2 (h, t), respectively. The variable IAC indicates the minimum number
of accurate digits in the radial functions. CL is the associated eigenvalue.
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The calculation of the spheroidal wave functions makes occasional usage of the
following special DO loop property of 3600 Fortran: for the loop DO n i = M1 , Mi2 ,
M3 ; if m1 exceeds m2 on the initial entry to the loop, the loop is not executed and
control passes to the next statement after n.

Matrix Calculation

This part of the main program contains the calculation of the matrix M, whose
complex elements MqQ are defined in Eq. (16). It can be shown that the addition theorem
coefficients for the transformation from the coordinate system S2 to the coordinate sys-
tem S1 are equal to the transposed coefficients for the inverse transformation from S1 to
S2, i.e., C12n = C21 Therefore, it is necessary to calculate only the elements C12n of the
transformation matrix C1 2, as defined in Eq. (11), in order to generate the matrix M.

The real and imaginary parts of C12 are calculated separately using real arithmetic.
This is done because the convergence of the imaginary parts (due to the presence of
spherical Neumann functions) will be much slower than the convergence of the real
parts (which contain spherical Bessel functions) whenever the argument kr12 is small.
The user can choose, within limits, the maximum number of terms used in the summation
over r in Eq. (11) for both the imaginary and the real part summations by means of the
input parameters IDEMPI and IDEMPR. The outer or s summation limit is fixed at 26
by the parameter ICXI. The imaginary part of C12 is calculated before the real part.

The program attempts to obtain elements of C12 and, consequently, M accurate to
more than four significant digits. However, elements whose accuracy is such that the
absolute value of the ratio of the last contribution to the existing summation is less than
10-2 are also accepted. Elements are calculated consecutively by rows, i.e., C12, C .12...
C1 2 C1 2 0 111OL' 10' etc. Any element which fails to satisfy the minimum accuracy requirement is
given the value zero. If, for imaginary part calculations, such an element is in the first
row, say C1 2, the maximum index of C12 is reduced to N - 1 so as not to include thatON'
element or any other element C', m > N - 1 or n > N - 1. Printout statements ininn
the program inform the user whenever elements of C12 have been given the value zero.
Finally, the matrix elements MqQ are formed using the elements of C12 and values for
the necessary spheroidal radial wave functions.

Radiation Calculations and Output

The integrals IOR, with v(i?) = V for 17L < n < flu and v(71) = 0 for 71 elsewhere,
are calculated in the subroutine INTEGER. The evaluation is by expansion of the
spheroidal angle wave functions in a series of Legendre polynomials as shown in Eq. (7),
subsequent expansion of the Legendre polynomials in a series in terms of cos (rO) where
0 = cos-117, and computation of the resulting integrals

Jr = - 72)1/2 cos (rO)d71, r = 0, 1,... (37)
L

by use of Gaussian quadrature.
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The variable SACK refers to the innermost summation required for C12 as given in
Eq. (11). The time in seconds to calculate this summation and store all the terms as a
function of the outer indices s and r is printed in the output.

The times in seconds to calculate both the imaginary and the real parts of all of the
matrix elements C k, Q. n = 0 to L (in the program L + 1 is called IDEM) are printed in
the output under the names CXLIN and CXLRN, respectively.

The matrix M is now inverted in the subroutines CINV and MINC. The inverse
matrix M-1 of Eq. (18) need be calculated only once for each geometrical configuration.
The total time to obtain this matrix may vary from only a few seconds to up to 4 min
depending upon IDEM, IDEMPI, and IDEMPR, with IDEM being the most significant
parameter. The radiation impedances z1 1, Z12, and Z22 are then calculated from Eqs.
(26), (33), and (32), respectively, and printed. Each of the three running summations in
Eqs. (26), (33), and (32) are also printed so that the user can judge their convergence.
Written in terms of these summations, Eqs. (26), (33), and (32) are given by

Z= h ( 1 - 1)1/ (SIMP1 - SIMP2 - SIMP3), (38)
Wi

Z = h= ( 20 1) (SIMP4 - SIMP5 - SIMP6), (39)

z h2(2 0 - 1) (SIMP7 - SIMP8 - SIMP9). (40)
22~~~~~11

The mutual radiation impedance z2 lis then obtained from Z12.

Similarly, running summations of Eqs. (20) and (22) are provided for both far-field
and near-field pressure calculations. The summations are defined as follows:

pi(r) = hOpc(%2 - 1)1/2 [SM1 - SM2 - SM3 , i = 1, 2. (41)

The time required to calculate the pressure at one point depends upon the value of
IDEM. The time is of the order of a few seconds. Note that the asymptotic form for
R(4ff(hl, t1) given by Eq. (24) with the factor e-ihith/(h 1 t1) suppressed is used in Eqs.
(20) and (22) for far-field calculations. The corresponding asymptotic form for Ro4)(h2, t2)
about the origin of S1 is given by

R(4 (h2 Qe_ eihlacosei(r/2)(+1) (42)

0 21t2 }1 I

where the additional factor represents the effect in the farfield of the separation between
the two spheroids. Again, the factor exp (-ih1 t1)/(h1 t ) is suppressed.

The resulting complex far-field pressure is then multiplied by exp [-i(hl /2)a cos 0]
to adjust it to an origin midway between the centers of the two spheroids. Finally, all
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far-field pressures are divided by the pressure at the first angle read in, i.e., they are
normalized so that the pressure at the first angle is unity.

The input and output for a sample run are given in Appendix C.

ACCURACY OF THE RESULTS

The acoustic impedance and pressure values should be accurate to at least two or
three digits provided that the outer summations, i.e., the summations over Q in Eqs. (20),
(22), (26), (32), and (33), have converged. These summations are displayed as part of the
output (see Appendix C) and can be examined for convergence.

Parameter limitations due to inaccurate spheroidal functions are based on computer
programs PRAD, OBRAD, and ANGLFN. Programs PSPRDS and OSPRDS will display
values for all spheroidal radial functions whose accuracy is less than five decimal digits.
Although accuracy of more than four or five digits in the radial functions should be
sufficient, accuracy of less than four digits makes final impedance and pressure results
suspect. There is no analogous printout for the spheroidal angle functions. The following
statement taken from NRL Report 7161 (Ref. 8) indicates the accuracy to be expected
in the corresponding angle function.

"Within the following ranges, the angle functions and their derivatives are believed
to be accurate to at least eight significant figures, assuming calculations are performed by
a computer that has a word length of 26 digits, e.g., the Control Data Corporation 3800
computer at NRL using double-precision arithmetic:

0 <M < 6

M 6 L < M + 49

PROLATE

0.1 6 H 6 20.0

-1.0 6 a7 6 1.0

20.0 < H 6 35.0

0 < 1171 6 0.99, 1171 = 1.0

35.0 < H 6 40.0

0 < 1171 6 0.9

OBLATE

0.1 < H < 30.0

-1.0 6 7 6 1.0

30.0 < H 6 40.0

0.2 6 171 6 1.0 "
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Appendix A

FORTRAN LISTING OF PSPRDS, A COMPUTER PROGRAM TO CALCULATE THE
AXISYMMETRIC RADIATION FROM TWO COAXIAL PROLATE SPHEROIDS

PROGRAM PSPRDS
TYPE COMPLEX CTSCXDACS,DCSFFR41,R42,RlD4,R2D4,RlF4,R2F4,
SSIMPISIMP2,SIMP3,SIMP4,SIMP5,SIMP6,S!MP7,SIMP8,SIMP9,SM1,SM2,SM3,
SSTOR1,STOR2,SUMSUMMSUJM1,SUM2?SVMtTRS1TRS2,VEL1,VEL2
TYPE DOUBLE AAA.ALPHA,8SFCRTCRZCRZZDTKEEIGL1,EIGL2,ETA1,
SETA2,ETAL1,ETAL2,FTAU1,ETAlJ2,FBCTHSIHS2,PPI STERMXCTXIL,
$XSI.XS2,YCTYMFZCTTHETAL1,THETAUI1THETAL2,THETAU2
TYPE DOUBLE ARRARRAYBAYRLISTBOOKBRRAYCI01,CFAC9
ICLCORACORRCWRONDEDHDLDLASTDLISTDMqDNDND0ODNEGDNEGF,
2DNFREEDNUMDRDRFREEDRRAT rODXEAEMENRFNRCEYEFACT,
3GLISTHHIHSOPAPERPL1,PL3,PL4,PL8,PLI2,PI.13,PL17qPL189QRI
4RIDR2,R2DRR2,RR20,SAIL3.SATL4,SAIL18.
SSAIL19,SAIL22,SAIL23,SAILlIBSAIL191,SHIP4,
6SHIPS,SHIP7.SHIP10,SHIP11,SHIP12,SHORESILAND.
7SSUMlSIJ8SUMTWRONI.INVNWW26,W28,WNXX1SQXTHZZI
DIMFNSION ANGLE(40),RACT(560),BSF(250),CTS(60)qCX(60,60),DACS(60),
$DCS(60),DDL1(30,110),DDU2(30. 30),EIGLI(30),EIGL2(30),FBCT(300),
SFF(40),FFA(40),FFM(40),P(125)hRl (30).R41(30) R12(30)9
$R42(30),RIDI(30),Rin4(30),P2RD(30).R2D4(30).RPFl(30),R1F4(30),
¶R2F1(30),R2F4(30),SI(30),S?(30),SACKI(8850),
$SACKP(2780).SIRL1(30) SIRL?(30),SPDINT(2).STORI(30),STORR(30),
STRSI(30),TRS2(30)*XIL(60),XNMLI(30),XNML2(30),YMF(30n)
DIMENSION A(70,70),ARRAY(300),BAY(100),BLIST(150),BOOK(300),
SBRRAY(250).nLAST(150) DLIST4150).DM(150) DN(150) DNEG(1)'
$DNDO(150) DR(100)DQRRATIO(100) EIG(70).ENR(150).GL!ST(150),
$PAPER(300).SHIP4(150).SHIP5(150).SHTP7(150).SHIP1O(150).
$SHIP11(150),SHIPI2(150).SHORF(175) .SILAND(175)
EQUIVALENCE (SACKT(l),CX(l)),(SACKT(8776),SACKR(l)),

S(SACKI(1),BIIST(l)),(SACKI(501),GLIST(1)),(SACKI(1001),DN(l)),i
$(SACKI(1501) DM(l)),(SACKI(2001).ENR(l)),(SACKI(2501) ,OOK(l)),
S(SACKI(3101).PAPER(l)),(CX(l),A(l))
COMMON/5/SACK! CXABLISTGLISTtoNDMENRBOOKPAPERSACKR
COMMON/BLK1/FACT(300)

7777 CONTTNUF
REWTND I $ REWIND 2 S REWIND 3 $ REWIND 4 S REWIND 7 S REWIND 8
REWIND 10
RHO = 1000.
CEE = 1500.
FACT(1)=1.D
DO 2945 J=2,171

2945 FACT(J)=(J-I)*FACT(J-1)
FACT(171)=FACT(171)*1.D-300
DO 2950 J=172,296

2950 FACT(J)=(J-1)* FACT(J-1)
FBCT(1) = 1.D-250
DO 2949 ) = 1,275

2949 FBCT(J+I) = J*FRCT(J)
RACT(I) = 1.
Do 2939 1 = 2955892

2939 8ACT(I+1) = 8ACT(-lI)*(I-I.)*4./I
LI 0
IDL = I
READ 90.IDEM,IDEMPI,IDEMPR

90 FORMAT (315)
READ 91,7S1,HSI

91 FORMAT (2D10.5)
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XSI = ZS1 + I.D
READ 91.7S2,HS2
XS2 = ZS2 + 1.0
READ 96,ALPHA

96 FORMAT (D10.5)
READ 93,IVEL1IVEL1,THETAL1,THETAUI

93 FORMAT (I1C(F9.3,Fl0.3),2nD0.5)
REAn 93,1VEL2*VEL2,THETAL2,THETAIJ2
IDEMPI = IDEMPl/2*2
InEMPR = IDEMPR/2*2
ICXI =25
ICXII = ICXI*ICXI-1
IF (IDEMPI.LT*26) IDEMPI = 26
NOR = IDEMPR + IDEMPR
NDI = IDEMPI + IDEMPI
NFFF = 0
IDEMPII = Nnl - I
inEMPRR = NDR - I
IMP = MAXO(IDEMPIIIDEMPRR)
IMPP = (IMP+1)/2
ICM = MAXO(ICXI,IDEM)
Nl = IDEM
INDEX = -2
IDEM? = 2*TDEM
ISBT = 0
PI = 3.1419265358979323846D
P12 = 1.5707963268
IHfF =O
ISM = 0
R41(1) = CMPLX(O.,1.)
DO 727 I = 2,IDEM

727 R41(I) = (0.,l.)*R41(I-1)
PRINT 5555

S555 FORMAT (1H145X*ACOUSTIC RADIATION FROM TWO PROLATE SPHEROIDS*)
PRINT 5556*XSlHSIXS2,HS2

5556 FORMAT (//16X*SHAPF PARAMETER XT ACOUSTIC SIZE PARAMETER H*//5X
10HSPHFPOIn I SXFIO.6,14XFIO.6/ SXIOHSPHEROID 2 SXF10.6,14XF10.6)
PRINT 5557,ALPHA

S557 FORMAT (//SX*SFPARATION PARAMFTER*//6X7HALPHA =F11.6)
PRINT 5958*THETAL1,THETAUIJTHETA-2,THETAL2

9598 FORMAT (//)6X*LOWER AND UPPEP LIMITS (IN DEGREES) OF VIBRATING BAN
$DS*//3OXSHLOWERI?XSHUPPER//5X1OHSPHFROID 1 1 3XF8.3,9XFR.3/SX
$IOHSPHFPOID 2 13XF9.3,9XF8.3)
VIM = CARS(VEL1)
V2M = CA8S(VEL2)
VIA = CANG(VFLI)*IP0./PI
V2A - CANG(VEL?)*190./PI
PRINT 5559,VELlV1MVlAsVFL,2V2MV2A

5959 FORMAT (//16X*NORMAL VFLOCITY (TN M/SEC) OF VIBRATING BANDS*
$//23X4HREAL6X9HIMAGTNARY5X9HMAfiNITUDE2X*PHASE ANGLE (DEGREES)*
%//5XI0HSPHEPOID 1 5XC(F8.3,Fl2.3),?Fl4.3
S/ SXIOHSPHFQOID ? SXC(F8.3,FI2.3)q2F14.3)
PRINT 9560,!DEMgIOFMPITIFMPR

9960 FORMAT (//6X*tSUMMATION PAPAMETFPS*//7X6HIDFM =13,3X8HIDEMPI =14,
$3X8H!DEMPR =13)
ETALI = DCOS(PI*THETAtI/1R0.D)
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ETAIJI = DCOS(PI*THETAUI/18n.n)
ETAL? = DCOS(PI*THFTAL?/X8fI.D)
ETAIJ? = DCOS(PI*THETAU?2/18O0.D)
DTK = HS1*ALPHA
CALL SRFSF(nTK. SF)
YMF(I) = -OCOS(DTK)/DTK
YMF(?) = YMF(1)/DTK - sIN((DTK)/XTK
KSRI = ICXII * IDEMPIT - I
DO 899 K = 1,KSRI
KK = K
YMF(K*2) = (K*K*I.D)*YMF(K+1)/DTK-YMF(K)
IF (nARS(YMF(K+2)).GT.I.D300)GO TO 4501

A99 CONTTNUE
GO TO 4502

4501 IDEMPI = (l+KK-ICXII)/4*2
IF (TDEMPI.GE.ICXI) GO TO 4504
TIEMPI = (IDEMPI + ICX1)/4*2
ICXI = IDEMPI

4504 NDJ = IDEMPI + IDEMPI
IDEMPII = NnD - I
IMP = MAXO(IDEMP11.TDEMPRR)
TMPQ = (IMP+1)/2
PRINT 4503, IDEMPI

4903 FORMAT (/1OXgHIDEMPT =14,1X24HDIJE TO LARGE NEUMANN FNS)
IF (TCXI.LT.25) PRINT 45059.CXI

4505 FORMAT (10X6HICXI = I4/)
4502 M = 0

NRL = NL
FM = M
LCK = 0
JDNX = -1

810 INDEX = INDEX + 1
IF (INDEX) 81498159816

816 READ 7199 NFF
719 FORMAT (I1)

IF (EOF*60) 723,724
724 NFFF = NFF

GO TO (7299720,72397777) NFF * 1
729 JDNX = -1*.JDNX

IF (NFF+JDNX.EO.0) GO TO 1001
IF ( JDNX.GT.0) 825,826

825 READ 817*XCTgYCT.ZCT
817 FORMAT (3010.5)

CRT = XCT*XCT * YCT*YCT + ZCT*7CT + 1.D
X = nSQRT(.5D*(CRT+DSQRT(CRT*CRT-4.D*ZCT*ZCT)))
E = ZCT/X
Z = X - 1.D
IF (XCT.EQ.f..AND.YCT*EQ.0.) GO TO 812
PHI = ATAN2(YCT.XCT)*180./PI
GO TO 813

812 PHI = 0.
813 PRINT 910,XCTXoYCToEtZCTPHI
910 FORMAT (/////57X*INPUT NEARFIELD POINT*//37X*CARTESIAN COORDINATES

%*19X*SPHEROIDAL COORDINATES*//36X1OHX/(D1/7) =E13.5918X4HXI =E13.5
$/36X1OHY/ (D1/2) =E13.5*17X5HETA =E13.5/36X10H7/ (n1/2) =E13.5917X
S5HPHI =F13.398H DEGREES)

25



KING AND VAN BUREN

AAA = E
IF (F.LT~o.n) E = -F
CALL POLY(9nFPFBCT)
H = HSI
HSO = H*H
GO TO 827

826 CRZ = X*AAA - ALPHA
CR77 = CRZ*CRZ
CRT = (CRZ7 * 7*(Z*2.D)*(.DO0-E*F))*(HSI/HS2)**2 + 1.D
X = OSORT(.9D*(CRT+DSORT(CRT*CRT-4.D*CR7Z*(HSI/HS2)**2)))
E = CR7/X*HSI/HS2

Z = X-I.D
AAA = F
IF (F.LT.0.D) F = -F

CALL POLY(909EPFRCT)
H = HS2

HSO = H*H
827 LRK = 0

GO TO 1000
720 READ 721' E
721 FORMAT (D20.10)

IF (THDF.EO.I) JDNX = -1*ODNX
AA8 = F

E = DCOS(PI*E/180.D)
PRINT 932?AA8

932 FORMAT (/////ZXX17HFAR FIELD ANGLE =F7.2,1X7HDEGREES)
AAA = E
ART = AAA*DTK
DO 730 1 = I,IDEM

730 R42(T) = R41(T)*CMPLX(COSF(ART),SINF(ART))
IF (F.1T.0.r) F = -E
CALL POLY(90,EPF8CT)
GO TO 1001

814 Z = 7S1
H = HSI
X = XSI
lRK = 0

HSO = H*H
IH = H
N = XMINOF(50+TH/2,70)
EXEXI = Z*(7*2.)
SPDTNT(I) = .5*(ETAlU1*DSORT(X*X-ETAUI*ETAUI)+
1X*X*nATAN(ETAUI/DSOPT(X*X-FTA'IJ*ETAUI))-ETALI*DSQRT(X*X-ETALI
2*ETAI 1)-X*X*DATAN(ETALI/DSORT(X*X-ETALI*ETALI)))
GO TO 1000

815 Z = 7S2
H = HS2
X = XS2

LRK = 0
HSQ = H*H
IH = H
N = XMINOF(50*IH/2,70)
EXEX2 = Z*(Z+2.)
SPDTNT(2) = .5*(ETAU2*DSORT(X*X-FTAU2*ETAU2)+
IX*X*nATAN(ETAU2/DSORT(X*X-ETAU2*ETAU2))-ETAL2*DSQRT(X*X-ETAl2
2*ETAL2)-X*X*DATAN(ETAL2/DSORT(X*X-ETAL2*ETAL2)))
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IF (nAqS(HSI-HS2).6T.l.D-7) THDF = I
IF (MARS(XS?-XSl).GT.I.D-7) TSM = 1

IF (THOF.EQ.l) LCK = 0
IF (TSM.EQ.TNDFX.ANn.THDF.EQ.0) fO TO 851

1000 IF (UX.GT.1.3D.AND.H 6GE.1.nn)eOpo(XGT.?,D.AND.H .GE.1.0).OR.(X.G =

lT.9.o.AND*H .GF..l)) fO TO 1001
CALL CAI CPQ(0O140qSHIPln*SHIP4)
CALL CALCPQ(l,140,iSHIPlISHIP5)

1001 DO 1 II =*NL

L = TL - I
IF (LCK.EO.1) GO TO 4
LCK = I
DO 31 J = 1,N
00 31 1 = IN

31 A(T,) = 0.
DO I? T = 1,N
W = T-1.

32 A(T*T) = (T-l.)*I*HSO*(?.*(I-1.)*I-1-)/((2.*I-3.)*(2.*1.)
NM2 = N-2
nO 33 1 = 1.NM2
A(.*T+2) = (HSO/(2.*I+I.))*SORTF((I*I*(T+I1.)*(T*l.))/((2.*T+3.)*
$(2.*T-I.)))

33 A(T+?,T) = A(I,+2)
CALL ETGEN (AFIGNNRL)
IF (TNnFX.FO.0) GO TO 36
!O 14 T = 1.NRL

34 EfiLl(I) = EIG(I)
GO TO 4

36 DO 37 1 = 1,NRL
37 EIGL?(T) = FIG(I)

4 CL = FIGLI(LI)
1W6 = L/?
TX = L - 2*TW6
ISC = 2 + TX
LTIM = 278
IF (TNnFX)774*775,780

775 IF (THnF.EO.1)57,780
57 CL = ETI-L2(L*1)

774 .J=1
DO 11 I=ISCoLIMI,2
EYE =1
EA = I * I
RLtST(J) = (EYE*(EYF-I.D)*EYE*(FYE-I.n)*HSQ*HSQ)/((FA-I.D)
1*(EA-1,D)*(FA-3.n)*(EA+lIn))

13 J=J*I
,J= I

ID21 = ISC-1
LIMII=LIM1*l
nO 14 1=ID21.LIM11.?
EA = I - i.n
GLTST(J) = EA*(EA+I.D),0.Sn*HSQ*((I.D)+1.D/((EA+EA-)oD)*(EAEA+3.D

14 J=J*1
IFC=n
IRLIM = 139 - IX
IGLTM=TRLIM*I
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1RO=IW6+1
IWI = 1W6+2

17 ENR(l)=CL-GLlST(I)
DO 18 l=l1w6

18 ENR(TIl)=-RLIST(T)/FNR(I)-GLTST(I+1)+CL
ENR(TBLTM)=-8LIST(IRLIM)/(GLTST(IGLIM)-CL)
1WI5=IRlIM-1
TP=IWl +IWIS
no 19 I=IWI .IW15
IPT=IP-T

19 ENR(TPT)=-ILlST(TPI)/(GLIST(TPI+1)-CL*ENR(IPI+1))
ENRC=-8ITST(TITO)/(GLIST(IRlnl)-CL+ENR(IRIO.1))
DE = ENRC*ENRC/8LIST(lRlO)
CORR = DE
DO 2n T = IWII1LIM
OF = ENR(I)*ENR(I)/RLIST(T)*DE
CORR = COR9 + OF
TF (nARS(DE/COR8).LT.1.D-27) GO TO 23

20 CONTTNIF
23 CORA = 1.0

DE = I.0
no ?P I = 1I.W6
DE = BLIST(IRIO-I)/(ENR(IRTO-T)*FNR(TRIO-I))*DF
CORA = CORA + DE
IF (nA8S(DE/CORA).LT.j.D-?7) GO TO 27

26 CONTTNUE
27 nL = (ENRC-ENR(TPIO))/(CORA+CORR)

cL=nL. *CL
IF (nARS(DL/CL).LT.I.oD-24) Go TO 22
TFC=TFC+1
IF (TFC.LT.2?) GO TO 17

22 TF (TNOFX.FO.0) GO TO ?8
FIGLl(L*1) = CL
GO Tn 29

28 EFIGl?(L+l) = CL
29 no 118 I = 1,TRLTM

ARP = TX + ?.D*I
EA = AQP + ARP

118 NDNO(T) = (FA-l.0)*(EA+l.D)*FNR(!)/((EA-ARR)*(FA-ARR-I.D)*HSO)
DN(1) = DNDO(I)
DM(1) = DNno(l)1*.Dl'n
DO 119 J = ?,TRLTM
ON(J) = DNnO(J)*DN(Jb-l

119 DM(J) = DND0(J)*DM()-I)
IW?1 = 2?1LTM
W28 = 0.D
IW#W = 0

165 DO 166 J = TSCgIWl*2
IWW = TWW + I

166 W?A = W?9 + DN(TWW)
DLIsT(I) = .D/(wR*1.O)
nLAST(l) nLTST(1)*l.D1qn
nO l?l J = 1, IPLIM
rLAST(J*l) = nM(J)*nL1ST(l)

1?1 OLTST(.*1I) = DN(J)*nLIST(I)
TF (TNOFX.Fo.n) GO TO 4?
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RIJFFFR OUT (1.1) (nl TST(1).DLTST(145))
RPIFFFR OUT (391) (fLAST(I)*DLAST(145))
IRWO = I

792 IF (INTTI3) 792.7R7
42 RUFFFR OUT (2,1) (DLIST(I),OtIST(145))

RUFFF OUT (4.1) (nLAST(I)*DLAST(145))
IRwn = 7

790 IF (IJNITT4)790,787
783 PRINT 980
980 FOM4AT (1OX*FOF SENSED*)

STOP
784 PRINT 981
981 FORMAT (10X*PARITY FRROR*)

STOP
780 IF (THDF.EQ.0) GO TO 771

IF (JDNX.EO.1) GO TO 771
CL = FTGI-2(L*l)
IRWn = ?
RUFFFR IN (291) (DLIST(l),nLIST(145))

781 IF (UNIT.2) 781.782.783,784
782 RUFFFR IN (4,1) (DLAST(I)iDLAST(145))
785 IF (11NIT.4) 785.787,783,784
771 IRWO = I

RUFFFR IN (1,1) (DLIST(1).DLJST(145))
788 IF (INTTT1) 788977997839784
779 RUJFFFR TN (391) (DLAST(I),DLAST(145))
789 IF ((NIT.3) 7R9.787.783,784
787 IF (TNDFX) 296,301,298
301 XNML?(L+l) = DLIST(1)**2/(TX*.S)

DO 43 J = 1iIBLTM
43 XNML?(L+1) = XNML2(L1I)+DLTST(J*1)**2/(2.*J,+X+*.5)

no 44 1 = 11CM
44 nDIJ?(L+II) = DLIST(I)

GO TO 299
296 XNMLI(L*1) = DLIST(I)**2/(TX+.5)

0o 1?2 J = iI8LIM
122 XNMLI(L*I) = XNMLI(L+1)*DLTST(J*1)**2/(2.*J+IX+.5)

DO 120 T = 1,IMPR
120 nDL)(L*19T) = DLTST(I)

GO TO 299
298 IF (TNnFX*NFF.GT.0) GO TO 818
299 IF ((X.GT.1.3D.ANO.H.GE.10.D).OR.(X.GT.2.D.AND.H.GE.1.n).OR.(X.GT.

15.D.AND.H.GFE..ID)) GO TO 479
3oo no 333 1 = I*100

RAY(T) = 0.00
333 DR(T) = o.on
305 NEFG (1) = DLIST (1)
307 TS1 = 4

nRFREE = O.n
IK = IX
DO 319 K = TS1, 1409 2
J= 140- IK
JY = I * (J-I)/2
Q = -J
UN = (O.D)*(O*1.O)/(Q*O*5.D)#(Q*Q*3.D))
VN = (?.D*Q*(O*1.D)-1.D)/((?.D@O,3.D)O(2.DOQ-1.D))
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$+*(Q*(Q+.D)-CL)/HSO
WN = Q*(Q-1.D)/((QQ1.D)*(O*O-3.D))
ORRATIO (IY) = -UN/(WN*DRFREE + VN)
DRFREE = DRRATIO (IY)

319 IK = 1K + 2
Q = TX - 2
VN = (?.D*Q*(O+I.D)-1-D)/((2.D*0+3.n)*(2.D*Q-1.D))

$+(O*(Q+1lD)-CL)/HSO
WN = Q*(Q-1.D)/((Q*O-1.D)*(Q*Q-3.D))
IA = IY - I
ORRATTIOIA) = 1.DZ((1-TX-IX)*(-1-IX-TX)*(WN*DRRATIO(IY) VN))
IF (IX*EQ*1) DRRATIO(IA) = -DRRATIO(IA)
DNEGF = DNEG (1)
IAA = 0
DO 320 1 IA. 70
TAA = IAA + 1
DR (TAA) = nRRATTO (I) * DNEGF
DNEGF = DR (1AA)
IF (ARS(DONFGF).LE.1OD-?90) 3239320

320 CONTINUF
323 SAIL 3 = Z * (Z + 2.D)

SAIL4 = DSOQPT (SAIL8)
DO 407 T = 14 141

407 SHTP7 (I) = SHIP5 (J)/SAIL4
DO 1414 1 = 1. 141

1414 SHIP12(1) = SATL4*SHIP11(I)/SAIL3
DO 1416 1 s1* 141

1416 SILAND(J) = SHTP4(1)
no 418 1 = 1. 70

418 8AY(T) = DLrST(S)
TS16 = TX - I
SATIL18 = n.n
TB = I
TFJ = 20

471 Do 142? 1 = IRTFJ
II = I
IS16 = IS16 + 2

14?2 SAlt IR = RAY(T)*SI-AND(1S16) + SAJI-18
I = II
IF ('VARS (8AY(I)*SILAND(TS16)/SATI-18).LT.I.D-26) GO TO 470
TR = I + 1
TFI = TFSJ + 5
GO TO 471

470 SAT-19 =o.n
TS?0 = 0
TMI = - TX
TF J = 40

474 DO 1426 1 = IM1* IF.J 2
11 = I
IS2n = 1S20 + 1

1426 SATL19 = SHTPlfT)*np(TS2o) + SAIL19
I = TI
IF (DARSA(SHTPI1(T)*DR(IS20)/SATIL19).LT.I.D-26) GO TO 473
IFJ = TFJ + 10
TMI = IT + 2
GO TO 474
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473 SATL?2 = SAIL18 + SAIL 19
no 1429 I = 1. 141

1429 SHORF (I) = SHIP7 (I)
440 IS16 = TX - 1 -

SAIL181 = 0.D
18 = 1
IFJ = 20

475 DO 1435 I = 181FJ
11 = I
IS16 = IS16 + 2

1435 SAII181 = BAY(I)*SHORF(1S16) + SAIL181
I = TI
IF (DABS(BAY(T)*SHOPE(Ts16)/SAIL181).LT.1.D-26) GO TO 476
TD = I + 1
TFJ = IFJ + 5
GO TO 475

476 IS21 = 0
SATl.191 = .D
IM1 = 2 - TX

TFJ = 40
478 DO 1439 1 = IMI, IFJ, 2

IT = I
ISPl = IS21 +1

1439 SATL191 = DR(TS21)*SHIPl?(T) * SAlL191
I = IT
IF (DARS(DR(tIS21)*SHIPI2(I)/SAII191).LT.1.D-26) fO TO 477
IF) = IFJ + 10
IM1 = II + 2
GO TO 478

477 SAIL?3 = SATLI81 * SAIl191
CFAC = -FACT(tL++!X)*DNEG(l)*H**(lI+X)/FACT(L+l)
IF (TX.FQ.O) 70971

70 0NUM = DLIST(1)
no 717 J = 1,48

717 NUHM = FACT(t+J+l)/(4.n**J*FACT(J+1)*FACT(J+I))*DLIST(J+l)-DNUJM
CFAC = CFAC/DNIUM
TF (?*(TW6/2).NF.TW6) CFAC = -CFAC
GO TO 72

71 nNIIM = DLIST(1)
no 718 J = 1,48

718 ONIIM = FACT(]*J+3)/(2.D**(,)+J)+1)*FACT(J*I)*FACT(J+2))*DLIST(J,1)
$-DNH IM
CFAC = CFAC/(DNtJM*3.D*(L+I.D))
IF (?*(tW6/?).NF.IW6) CFAC = -CFAC

72 R2 = SATL22/CFAC
Q2D - SAIL?3/CFAC
IF ((X.I.F.I.O5D.OR.X.GT.1.3D).AND.H.GT..ID) GO TO 599
RR? = Q2
RQn = s2n

479 PL3 = (7 + ?.n) * 7
XISO = X*X
XTH = X*H
NYMN = 2*181 TM
IF QLR<.EQ.1) GO TO 63
no 590 T = 1,300

550 ARRAY(I) = 0.00
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ARRAY(1) = -nCOS(XTH)/XTH*1.n-150
ARRAY(2) = ARRAY(1)/XTH-DSIN(XTH)/XTH*1.D-150
DO 62 K = 1,NYMN
ARRAY(K+2) = (K+K+1.D)*ARRAY(K*1)/XTH-ARRAY(K)
IF (nARS(ARPAY(K+2)).GT.1.0300) fO TO 63

62 CONTINtJF
63 TA = I + IX

IC = 41 * IX

St)RStm = o.n

503 DO 505 K = TA, IC, 2
KK = K
I80X3 = IARS(K-L-1)/Z
BOOK(K) = nLAST((K+l)/2)*ARRAY(K)
IF (?*(T8OXl/2).NE.1HOX3) ROOK(K = -ROOK(K)
SURSUjM = ROOK (K) * SIJRSUM

505 CONTINUF
K = KK
IF (nARS(8OOK(K)/S(JRSUM).GF.1.D-26) 506,507

'06 IA = IC * 2

IC = IC + 10

iO TO 503
'07 R2 = SURSUM

PL17 = PL3/X1SO
513 T88 = 1 * IX

ID = 41 + IX
SStJMI = 0.0

'17 DO S?2 K = IRR, ID, 2
KK = K
190X3 = IARS(K-L-l)/2
Pl R = 1.D
IF (7*(TROX3/2).NE.TROX3) PL8 = -PL8
IF ((K-1).FO.0) 5189519

518 PAPFR(K) = -nLAST((K+I)/2)*PL8*APRAY(2)
fO TO 521

519 PAPFP(K) = ((K-1.D)*APRAY(K-1)-K*APRAY(K*1))/(2.n*K-1.D)*DLAST((K+
$1 ) /?) *P1 8

'21 SSIM1 = PAPFR (K) + SSOJMI
522 CONTTNUlF

K = KK
IF (DARS(PAPER(K)/SSLJMI).GF.1.D-26) 523,524

'23 188 = ID + ?
ID = ID * 10
GO TO 517

924 RD = H*SSIJMI
GO TO 597

999 PL3 = (7 + 2.0) * 7
XlSO = X*X
XTH = X*H

597 no '98 1 = 1.300
ROOK (I) = 0.n

598 PAPF (I) = 0.D

IF (LRK.EO.1) GO TO 460
CALL SRFSF(XTH, RRRAY)

460 IA = I + IX
IC = 41 + TY
SUJRStlM = 0.0

32



NRL REPORT 7694

603 00 605 K = TA. IC. ?
KK = K

IROXI = IARS(K-L-1)/2
ROOK(K) = Dl.TST((K* )/2)*RPRAY(K)
IF (?*(IROX3/?).NE.TBOX3) BOOK(K) = -BOOK(K)
SJRSI1M = POOK (K) * SURSIJM

605 CONTTNUE
K = KK
IF (DARS(BOOK(K)/SURSUM).GE.1.0-?6) 606,607

606 TA = IC + ?
IC = IC + 10
GO TO 603

607 RI = SURSIJM
PL17 = PL3/XISQ

613 IRR = 1 + IX
ID = 41 + IX
SS(IMI = 0.0

617 DO 6?2 K = IRB, In, 2
KK = K

IBOX3 = IARS(K-L-1)/2
PL8 = 1.D
IF (?*(TBOX3/2).NF.IBOX3) Pl8 = -PLR
IF ((K-l).EF.O) 618,619

618 PAPFP(K) = -DLIST((K+1)/2)*PL8*RPRAY(2)
fO TO 621

619 PAPFP(K) = ((K-I.D)*8RRAY(K-])-K*RRRAY(K*1))/(2.D*K-1.D)*DLIST((K*
%1 /?\*Pt.8

621 SSUMI = PAPFR (K) + SSUM1
622 CONTINUF

K = KK
IF (nARS(PAPER(K)/SSUMI).GF.1.D-26) 6239624

623 IRB = In + ?

ID ID + 10
G0 TO 617

624 RID = H*SStlM1
TWRON = 1.0/(H*Z*(Z*2.D))
CWRON = Rl*Q2D - Rln*R2
IAC = -DLOGIO(DABS((TWRON-CWPON)/TWRON) + 1.0-26)
IF (!AC.LT.0) TAC = 0
IF (fX.I.E.1.05D.OR.X.GT.1.3D).AND*H.GT..ID) GO TO 55
CWRON = Rl*PR2D - RID*RR2
TBC = -DLOG1O(DARS((TWRON-CWRON)/TWRON) + 1.D-26)
IF (TAC.GE.IBC) GO TO 55
R2 = RR2
R2D = RR2D
TAC = TBC

55 IF (IAC.LT*5) PRINT 933, LRIRID9R?,R2DCL9IAC
933 FORMAT (1X*PADIAL FtlNCTION ACCURACY WARNING*SX13,4D15.5,D20.10.14)

IF (INDFX*GT.0) A18,819
819 IF (ISM*IHDF.GT.0) GO TO 841

RIFI(L+I) = RI
R1F4(L+I) = CMPLX(Rlq-R2)
RIDIfL+I) = RID
RID4(L+I) = CMPLX(RID.-R2D)
GO TO 842

841 R2DI(L+1) = RID
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R2D4(L+l) = CMPI.X(PID9-P2n)
P2FI(I-f) = RI
P2F4fL+I) = CMPLX(R1-R2)
GO TO 842

918 INX = I
TF (AAA.LT.0.D) INX = -1
MI N = L. + 10
J= 1 + IX
K =1
S = n.D
DO q0 I = ].MINP?
II = I + 2
S = S + DLIST(K)*P(T)

A0 K = K + 1
84 TERM = DLIST(K)*P(II)

S = S + TFRM
IF (q.Eo..0n) GO TO 81
IF (nARS(TFPM/S).LT.I.n-14) 819 82

8? K = K + 1
II = I T ?
GO TO 84

81 IF (YNX.FO.-l.AND.2*(L/?).NF.L) S = -S
IF (NFF.EO.0) fO TO 744
IF (IHDF.EQ.O) GO TO 722
TF (JONX.F0.1) 7419742

744 IF (,IDNX.LTo0) GO TO 820
RlI(L+l) = RI
R41(1.+) = CMPLX(R1,-R2)

741 Sl(l-l) = S
GO TO 842

722 SI(L+I) = S?(L*I) = S
GO TO 842

820 R12(L*I) = PI
R42(L+I) = CMPLX(RI-RQ2)

742 S2(tL1) = S
842 LRK = 1

1 LCK = 1
IF (IRWr.EQ,2) GO TO 51
REWIND I

REWIND 3
GO TO 5?

51 REWIND 2
REWIND 4

52 IF (INDEX)81097489747
747 IF (.IDNX.GT.0) 729,830
851 DO 852 1 = 1I1DEM

XNMLP(I) = XNMLI(l)
R2Fi(l) = PIFI(I)
R2F4(T) = QIF4(1)
R2Dl(I) = RIDI(I)

852 Q2D4(I) = RID4(I)
DO 581 I = 1,IDEM
DO 581 J = 1,1CM

581 DOU2(1,J) = ODLI(I,J)
748 TI = TlMELEFT(K)

NZERO = 0
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no 6qO MP = N7F:ROICXII
no 690 MS = M!,qMP
MT9 = MS - MR

MTF = MR * MS
MM = MTR+l
NN = MTF+l
MN = 1-MTR
TSACKR = TSACKI = 0.
TNT = (-I)**((MS-MR+MTR-2)/2)
DO 651 MT = MTRMTE.?
TNT = -INT
TTERM = (INT*(MT+MT+I.)*BACT(MM+MT)/((NN+MT)*RACT(NN+MT))*

$BACT(NN-MT)*RACT(MN+MT))
TSACKR = TSACKR + TTERM*SN3,L(RSF(MT*I))

651 TSACKI = TSACKI * TTFRM*SNGiL(YMF(MT+I))
IF (MS.GT.NnR-J.OR.MP.GT.NDR-1) GO TO 650
SACKR(MS+I.MR*NDR-((MR+l)*MR)/2) = TSACKR

650 SAC<T(MS+I+MR*NDI-((MR*I)*MR)/2) = -TSACKI
T2= TIMELEFT(K)
T = TI - T2
PRINT 2n000 T

?000 FORMAT (//SX*TIME TO CALCULATE SACK IS*F8.3,8H SECONDS/)
T2 = TIMELEFT(K)
IND = MIN0(IDFMPRICXI)
Do 652 LL = 1,IDEM
LLL = LL
LP = LL-1-?*((LL-1)/2)
LL2 = (LL-LP)/?
LS = ?*(LL/4)+8
LS = MTNIO(LS*ICXT)
no 653 JJ = 1.IDEM
JJJ = JJ
JP = JJ-1-2*((JJ-1)/2)
JJ2 = (JJ-)P)/2
JSN = JJ2 - 2*(JJ2/2)
JS = 2*(JJ/4)+1n
JS = MIN0(JSIDEMPI)
MN = MINO(LP+19JP+I)
MX = MAXO(LP*lJP+I)
SL = SACKI(MX+(MN-I)*NDI-(MN*(MN-1))/2)
IF (MX.EQ.LP+I) fi0 TO 406
IF (?*((MX-MN)/2).NF.MX-MN) SL = -SL

406 RLIN = DOLl(JJ,1)*SL
18 = 2

IE = JS
405 00 654 K = IBIE

KK = K+K+JP-1
RLI = RLIN
KL = KK+LP*NDI-((LP+1)*LP)/2

654 RLTN = DDLI(JJK)*(-I)**(LP+I-KK)*SACKI(KL) - RLI
IF (ABSF((RLI+RLIN)/RLIN).LT.I.E-8) 401,402

402 IF (IELTeIDEMPI) 403,404
404 PRINT 499,LLgJJ
499 FORMAT (//2OX*NO CONVERGENCE FOR INITIAL RLI*3X4HLL =13.3X4HJJ =

$13)
STOP
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403 16 = IF + I
IE = MTNO(IR*5*IDEMPI)

iO TO 405
401 IF (JSN.EQ.*) RLIN = -RLIN

CXLTN = DDU?(LL91)*RLIN
T8R = 2
TEE = LS
ISNCXL = I

425 DO 420 MS = IRR,IEE
MM = MS+MS*LP-1
ML = MM+JP*NDT-((JP+l)*JP)/2
QLIN = DDLI(JJ91)*SACKI(ML)
18 = 2
IE = JS

415 DO 697 K = IRIE
KK = K+K+JP-1
RLI = RlIN
MN = MINO(MMKK)
MX = MAX0(MMKK)
Sl. = SACKI(MX*(MN-I)*NDl-(MN*(MN-1))/2)
IF (MX.FQ.MM) GO TO 657
IF (?*((MX-MN)/2).NF.MX-MN) SL = -SL

6S7 RLIN = OnLI(JJgK)*SL - RLI.
IF (ABSF((PI.T*RLIN)/RL.TN).LT.I.F-6) 411,412

412 IF (TF.LT.IDFMPI)413,414
414 IF (ARSF((RLI+RlIN)/RItN).LT.1.F-2)411,424
413 18 = IF + I

IE = MTNO(ITR*,DnEMPI)
GO TO 415

411 IF (,ISN.FQ.O) RLJN = -RLIN
CXLI = CXLIN
ISNCXI = -IqNCXL

420 CXLTN = DDlI?(LLMS)*RLIN - CXLI
IF (ABSF( (CXl-+CXLTN)/CXLITNI).LT.i.F-6)42?1422

422 IF (TFE.LT.TCXI )42394?4
423 188 = TFF + I

1EF = MTNO(TRR+3,1CXI
GO TO 425

424 IF (A85F((CXLI+CXLIN)/CXLIMN.LT.l.F-2)421,426
421 IF (LL2.NF.?*(LL2/2))CXLIN = -CXLIN

CXITM = I;I\CXL*CXLTN
653 STOPT(.J)I) = CXLTN -

GO TO 692
426 IF (lLl.GT.I) GO TO 430

IDEM = JJJ - 1
TDEM? 2*TnEM
PRINT 495,Lt L.5JJJ lIOEM

495 FORMAT (45XI8HCXT IS 0 FOR LLL =I3.2X5HJJJ = 13,2X
$1OHTOEM NOW1 =13/)
GO Tn 692

430 DO 4?8 I = JJJ.IDFM
428 STORT(T) = 0.

PRINT 497,11L*,JJJ*TIEM
497 FORMAT (50X*CXI IS 0 FOP lLL = *13,2X5HJJJ =13,3H TO 13)
692 WRITF(7) (STOPT(JKL),JKL = I .TDEM)

TDEM? = 2*InFM
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TI = TIMFLEFT(K)
T = T2 - TI
PRINT P0019TDEMqT

2001 FORMAT (/SX*TIMF TO CALCULATF CXLIN FOR IDEM =*13,3H ISF8.3,8H SEC
$ONOS/)
T2 = TIMELFFT(K)
Do 462 LL = 1,IDFM
LLL = LL
LP = Ll--I?*((LL-1)/2)
LL? = (LL-LP)/2
LS = 2*(LL/4)+8
LS = MIN0(IS4IDFMPR)
DO 463 JJ = ITDEM
JJJ = Jl
JP = JJ-1-?*((JJ-I)/2)
J]2 = (jj-JP)12
JSN = JJ2 - 2*(JJ2/2)
JS = 2*(JJ/4)+8
JS = MTNO(JSIDFMPR)
MN = MTNO(LP+IJP+I)
MX = MAXO(lP*1,JP*I)
SK = SACKR(MX*(MN-I)*NDR-(MN*(MN-1))/2)
TF (MX.FQ.LP+1) GO TO 436
TF (?*((MX-MN)/2).NF.MX-MN) SK = -SK

436 RLRN = DDLI(JJ9l)*SK
TR = 2
IF =JS

435 Do 464 K = IRoIF
KK = K*K+JP-1
RLR = QIRN
Kl. = KK+LP*NinR-((LP+])*LP)/2

464 PLRN = DDLI(JJ]K)*(-l)**(L.P+* -KK)*SACKR(KL) - RLR
IF (ARSF((PI.R+RLRN)/RLPN).IT.l.F-8) 431,432

432 IF (TE.LT.IDEMPR) 433,434
434 PRTNT 4q9SLLJ.JJ
498 FORMAT (//2?X*NO CONVFRGENCE FOP INITIAL RLR*3X4HLL =13,3X4HJJ =

$13)
STOP

433 TR = TF + I
IF = MINO(IR+9*TDFMPR)
GO Tn 439

431 IF C) SN.EO.n) RLRN = -RlRN
CXLPN = DDl?(.LLi)*PLRN
IRR = 2
TEF = LS
ISNCXL = 1

455 0o 490 MS = IRR.IEF
MM = MS+MS+t P-i
Ml = MM.JP*NDR-((JP+I)*JP)/2
PLRN = DDL1()J.1)*SACKR(ML)
IR = 2
IF = JS

445 nn 467 K = TBTF
KK = K*K+JP-1
PLR = RlRN
MN = MIN0(MMKK)
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MX = MAXO(MMiKK)
SK = SACKR(MX+(MN-1)* NOR-(MN*(MN-1))/2)
IF (Mx.FO.MM) GO TO 467
IF (2?((MX-MN)/?).NF.MX-MN) SK = -SK

467 RLRN = DOLI (] JPK)*SK - PLR
IF (ARSF((RL-R+*PlRN)/RLRN).LT.I.F-6) 4419442

442 IF (TF.I T.InEMpP)443,444
444 IF (ABSF((LR*+PLRN)/RLPIN).t.1.F-2)4419454
443 IB = IF * 1

IF = MTNIO(TI+590EMPP)
GO TO 445

441 IF (.JSN.EQO.n) PLRN = -RLRN
CXLR = CXLRN
ISNCrL - -ISNCXL

450 CXLQM = DD0lJ?(LL*MS)*RI RN - CXLP
IF (ARSF((CXl-R+CXLRN)/CXL.N).LT.1.F-6) 451,452

452 IF (IFE.LT. IND )453*454
453 IBB = TFF + 1

TEE = MINO(RBR+39IND)
60 TO 455

454 IF fARSF((CXI..R*CXLRN)/CXLRN).LT.1.F-2)451,4'56
451 IF (LL?.NE.?*(Ll.?/?))CXLRN = -CXLRN

CXI-PN = ISNCXIL*CXLRN
463 STORP(JJ) = CXLRN

fO TO 46?
456 DO 458 1 = JJJ.IOEM
458 STOPR(I) = 0.

PRINT 496,LLLJJJDFEM
496 FORMAT (50X*CXR IS 0 FOR LLL = *1392X5HJJJ =13.3H TO
462 WRITF(8) (STORR(JKL),.JKL = I ,1DnEM)

TI = TTMFLEFT(K)
T = T2 - TI
PRINT ?006,IDFMgT

2006 FORMAT (/5X*TIMF TO CAtLCUJLATF CXLRN FOR IDFM =*13.3H
$ONDS/)
CALL INTEGR(InEM2,XSlFTALiFTAIJIXlLlFBCT)
DO 869 J = 1i*DEM
SIRL.1 (J) = 0.
KX = J-1 -2*(J-1)/2)
no 869 I = 1*1DEM

369 SIRLI(J) = SIRL1(J) + DDL1(]JI)*XIL(2*I-1+KX)
CALL TNTEGR(IDEM2?XS2,FTAL2,FTAU,2XIL,1.FBCT)
DO P71 J = 1.,IDEM
59IU(J) = °.
KX = J-1 -2((J-1)/2)
DO 871 1 = 1*IDEM

871 SIRL?(J) = SIRL2(J) + DDU2(JgI)*XIL(2*I-1+KX)
REWTND 7
REWIND 8
DO 750 1 = 1.IDEM
DCS(I) = RiDi (T)*RlF4(1)/RID4(1)/XNML1 (I)

750 DCS(IDEM+J) = R2DI(I)/R2D4(1)/XNML2(1)
00 649 I = .ID*FM
DO 649 J = 1*InEM

649 CX(1.J) = CX(I+IDEMJ+IDEM) = (0..0.)
Do 3S1 I = IvIDEM

13)

ISF8.398H SEC
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REAnl (8) (STOR(I1)1)=,11=.IEM)
Do 351 J = 1,TDFM

351 CX(TI*IFMJ) = CX(JPIDFM+I) = CMPLX(STORR(I),STORI(J))
DO 3q3 r = 19IDEM
00 193 J = l 1)EM
CX(T.J+IDEM) = CX(IqJ+IDEM)*?./XNML](I)

353 CX(+lOFM,.J) = CX(T+lDFMgJ)*?./XNML?(I)
nO 751 I = 1iIDEM
T9SI(I) = TS?2(T) = (n.,o.)
DO 71 J = l.InEM
TRS1(I) = TPS1(I) + CX(J9TOEM+T)*RIFI(J)*SIPL1(J)

791 TRS?(r) = TRS2(1) + CX(IDEM+JI)*R2F1(J)*5IPL?(J)
no 350 1 = 1ITOEM
no 350 J = 1.IDFM
CX(TJ+IDEM) = CX(I.,]IDEM)*RIDI(I)/RlD4(I)

350 CX(T+ITFMgJ) = CX(I+IDFMqJ)*R2nm(I)/R2D4(I)
DO 906 1 = 1.TOFM2

906 CX(I.I) CMPLIX(I.,n.)
T2 = TTMFLFFT(K)
CALL CTNV(CXIDFM2h60)
TI = TTMELEFT(K)
T = T2 - Ti
PRINT 91'5TDEM2*T

915 FORMAT (/5X*TIMF TO INVERT MATRIX OF SIZE *12.4H IS F8.3,8H SECOND
$S)

WRTTF 110) ((CX(IJ),I=lInFM2),J=1,IDEM2)
PRINT 5561

5561 FORMAT (//38X*ACOUSTIC IMPFDANCE CONTRIBUTIONS (FOR CONVERGENCE CH
$ECK)*/)

SIMPI = SIMP? = SIMP3 = SIMP4 = SIMPS = SIMP6 = (0.90.)
SIMP7 = SIMPR = SIMP9 = (0.90.)
DO 752 1 = 1I*DFM
SIMPI = SIMPI + RlFI(I)*RIF4(1)4SIRI-I(I)*SRL1 (I)/XNMLIU()
SIMP4 = SIMP4 + R2F1(I)*SIPL?(I)*TRSI(I)/XNML2(I)
SIMP7 = SIMP7 + R2FI(I)*R2F4(I)*SIRL2(1)*SIRL2(I)/XNML2(I)

752 PRINT 940, ISIMP1iSIMP4,SIMP7
940 FORMAT (2XT3,5X7HSTMPI =C(F15.7,E15.7)v5X7HSIMP4 =C(E15e7,Ei5.7),

$SX7HSIMP7 =C(Ei5s.7*Ei5.7))
PRINT 5056

5056 FORMAT (//)
DO 793 I = 1.IDEM
SUM = SVM = (0.0.)
Do 754 J = 1.IDEM
SUM = SUM + CX(I.J)*DCS(J)*SIRLI(J) * CX(IIDEM+J)*DCS(IDEM*J)
$*TRS1 (J)
SVM = SVM + CX(I9J)*DCS(J)/R1F4(J)*TRS2(J) + CX(IIDEM+J)

$*DCS (IDEM4J) *R2F4 (J) *SIRLZ (J)
754 CONTINUE

SIMP2 = SIMP2 * RIF4(I)*SIRL1(I)*SUM
SIMP5 = SIMP5 + TRS?(I)*SUM
SIMPA = SIMP8 + TRS2(I)*SVM

753 PRINT 9419 ISIMP2?SIMP5,SIMP8
941 FORMAT (2X1395X7HSIMP2 =C(1F5.7qE15.7).5X7HSIMP5 =C(EI5.79EIS.7),

$5X7HSIMP8 =C(E1S.7.F15.7))
PRINT 5056
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Do 755 1 = 1,IDEM
SUM = SVM = (0.90.)
DO 756 J = 1.InEM
SUM = SLIM + CX(I*IDFMqJ)*DCS(J)*SIRL1(J) + CX(IDEM+IInEM+J)

$*DCS(InFM*.J)*TRSI (J)
SVM = SVm + cx(I*inFMJ)*DCS(J)/R1F4(J)*TRS?(J) + CX(IDEM+IIDEM+J

$) * DCS(TIDEM+J)*RF4(fJ)*SIRL?(.I)
756 CONTINUF

SIMP3 = SIMP3 + TRSi(I)*StJM
SIMP6 = SIMP6 + P2F4(I)*SYRL2(I)*SUIM
SIMP9 = SIMP9 * R2F4(I)*SIRL2(1)*SVM

755 PRINT 942? J SIMP3,SMP69SIMP9
942 FORMAT (2X13,SX7HSIMP3 =C(FI'5.7,El5*7)*SX7HSIMP6 =C(E15.7,E15.7)q

$5X7HSIMP9 =C(E15.79FIS.7))
SIMP3 = (SIMPI - SIMP2 - SIMP3)*SQPTF(EXEXI)*HS1**2/SPDINT(1)
SIMPA = (SIMP4 - SIMP5 - SIMP6)*SQRTF(EXFX2)*HS2**2/SPDINT(l)
SIMP9 = (STMP7-STMP8-SlMP9)**SQRTF(EXEX2)*HS2**2/SPDINT(2)
STMP7 = SIMP6*SPOINT(I)/SPDINT(?)*(HS1/HS2)**2*SQRTF(FXEXI/FXEX2)
PIS = CABS(SIMP3)
PIA = CANG(SlMP3)*lRO./PI
PlSS = CA8S(SIMP7)
PIAA = CANG(SIMP7)*180./PI
P2S = CARS(SIMP9)
P2A = CANG(SIMP9)*1R.O/PI
P2S5 = CARS(SIMP6)
P2AA = CANG(SIMP6)*180./PI
PRINT 5562

5562 FORMAT (/47X*NORMAI-ZFD ACOUSTIC RADIATION IMPEDANCES*/
$/4?X1nHPESTSTANCF5X9HPEACTANCE8X9HMAGNITUDE6X*PHASE ANGLE (DEGREES
$i) */)
PRINT 943,SIMP3,PlSPIASIMP7,P1SSPIAA*SIMP9,P2?SP2ASIMP6,
$P2?S5,P2AA

943 FORMAT (34X9HZII =C(EI3.S'Fli'.5),5XF12.5,6XF9.3/34X
$5H771 =C(EI3.5,F15.') .5XF1?.'56XF9.3/34X

SS7?=C(F13.5.F]5.9) *SXFI?.$56XF9.3/34X
$5H71? =C(E13.5.F15.5) ,5XF?.9,6XF9.3)

REWTNO 10
GO TO 81n

830 PEAn (10) ((CX(I.,J),1iIDnEM2),J1= DEM2)
Do 860 1 = ,I1DFM
DACS(l) = S1 (1)R41 fI)*ncS(I)/RlF4(l)

860 DACSflTDEM) = S2(T)*P42(I)*nCS(TDEM+I)
DO 749 1 = I.TDnM2
CTS(T) = (O.,0.)
Do 749 j = l1.JDFM2

749 CTS(T) = CTS(I) + CX(1.J)*nACS(J)
SUJMI = SUIJ? = STORI = STOP? = (O.-O.)
PE'.I ND 10
IF (IVFlt.EO.O) GO TO 731
ISP = 1
PRINT 9?5*ISP

925 FORMAT (//30X*ACOUJSTIC PRFSSU!RE CONTRIRUTIONS DUE TO SPHEROID*I2?
$* (FOR CONVFRGFNCE CHECK)*/)

SM1 = SM2 = SM3 = (o.9n.)
DO 872 1 = 1*IDFM
SMI = SMI + S1 (I)*RlF1 (I)*P41 (I)*SIPI. 1 (I)/XNML (I)
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872 PRINT 9?20 ISMi
920 FOPMAT (03X13v5XSHSMI =C(F15.7,F15.7))

PRINT '05q6

DO 973 T = ,I1DFM

SM? = SM? + CTS(l)*RlF4(I)*SIRLl(I)
873 PRINT 921, 1SM2
921 FORM4T (13XT3*riX95HSM? =C(FES.7.F15.7))

PRINT 5n56
no q74 T = 1.9IFM
SM3 = SM3 * CTS(TDEM.I)*TQSI(I)

874 PRINT 9?3,TSM3
9?3 FOQMAT (13XT395X5HSM3 =C(E15.7,F5.7))

PRMtTR = HSI**2*CEE*RHO*SOPTF(EXFXI)*VFLI
SJMI = (SMI - SM2 - SM3)*PRMITR
PRS = CARS(SUJM1)
PRA = CANG(StlMl)*l8n./PI
IF (NFF.FQ.1) GO TO 760
TSP = I
PRINT 9?4,TSPSIJMlPRSqPRA

924 FORMAT (//19X*SPHFROID*I2?* CONTRIBUTION TO THF ACOUSTIC PRESSIJRE
$(NT/SO(UARF MFTFR) AT THE INPUT NEARFIELD POTNT*//33X9HREAL PART3X
$14HIMAGINARY PAPT1lX9HMAGNTTtJDE5X*PHASF ANGLE (DEGRFES)*//30X
$C(Fl3.5,E14.5).10XE13.5.5XF9.3)
GO TO 731

760 IS8T ISBT * I
STOPI = SJMI*CMPLX(COSF(.5*ART),-SINF(.5*ART))
ANGLF(ISRT) = AAR
1SRT = ISBT - I

731 IF (TVFEl2.*F.0) GO TO 732
ISP = ?
PRINT 9?5,ISP
SMI = SM2 = SM3 = (0..0.)
no 875 1 = lIDFM
SMI = SMI S?2(1)*R2Fi(I)*R4?(I)*SIRL2(1)/XNML2(I)

875 PRINT 9201.,SMi
PRINT 5056
Do 876 1 = 1,IDFM
SM? = SM2 + CTS(I)*TRS2(1)

876 PRINT 9219,,SM?
PRINT 5056
DO 977 T = 1,IDFM
SM3 = SM3 + CTS(I*IDEM)*R2F4(1)*SIRL2(I)

877 PRINT 9?39ISM3
PRMLTR = HS?**2*CFF*RHO*SOPTF(EXFX2)*VEL2
SlJM2 = (SMI - SM2 - SM3)*PRMLTR
PRS = CARS(SUM2)
PRA = CANG(SUM?)*18n./PI
IF (NFF.EO.1) GO TO 761
ISP = 2
PRINT 9?4,ISPqSUM2,PRSPRA

732 IF (NFF.EQ.l) GO TO 733
SUMM = SUMI + SIJM2

PRS = CABS(S(MM)
PRA = CANG(SUMM)*180./PI
PRINT 927,XCTYCT,7CT*SU)MMPRSPRA

927 FORMAT (//lX*TOTAL ACOUSTIC PRESSURE (NTS/SQUARE METER) AT THE IN
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$PUT NEARFIElD POINT (*F12.',lHFE2.5,IHE1?.5,1H)//33X9HREAL PART
$3X14HIMAGINARY PARTlIX9HMA3NITTUDESX*PHASE ANGLE (DFGRFES)*//30X
$C(FI3.5,F14.5),1nXF13.5,5XF9.3)
GO To RIO

761 ISRT = ISRT + 1
STOP? = SUM?*CMPLX(COSF(.5*ART),-SINF(.S*ART))
ANGLF(ISHT) = AAR
ISRT = ISRT - 1

733 ISRT = ISHT + I
FF(TSRT) = STORI + STOR2
GO TO 810

723 IF (NFFF.EO.O) GO TO 811
DO 7?5 T = 2ISRT
FF(I) = FF(T)/FF(l)
FFA(T) = CANG(FF(I))*lR0./PI

725 FFM(T) = CARS(FF(I))
FF(1) = FFM() = 1.
PRTNT 929

9?9 FORMAT (//53X*NORMAI-IZFD FAPFIELn PRFSSUPE*//16X*ANGLE (DEGREES)*
$9X9HoFAL PAPT3XI4HIMAGINARY PARTllX9HMAGNITUDJE5X
$*PHASE ANGLF (D)FGREFS)*/)
PRTNT 930, (ANGLEF(I) ,FF(I).FFM(I),FFA(I),I=1,ISRT)

930 FORMAT (20XF7.?.10XC(E13.5,E14.5) ,OXEl3.5,5XF9.3)
IF (NFF.FO.?) GO TO 810

811 CONTINUF
STOP
END
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sIJRPOtJTTNF CALCPO(M9LNXXoPO)
DIMENSTON P(150) Q0(150) AP( ?,150)
COMMON/RLKI /FACT (300)
TYPF DOUBLE P.Y.YlS.XD2MDJDMDNFACTTFRMSUMCWRONDKZ.ZZ,

IXAHAI4ALRFXYCOEFfiGAPEAI.JPRFALJHQ0FIRST, HM, XZqTWRONRB
2XXQRC1,RC2 RC3.RC4,PC1,PC?,PC3,PC4,APFACTRIFACTR2?FACTR3

INTTTAL=O
NN=n

16 X=XX.1.D
KAPPA=0
IF(X.GT. 1.0010) KAPPA=M
DO 64 MN=KAPPAM
OM = MN
DM=?.D**DM
7=XX** (nM/2.OD)
7Z=(X+i .D)**(DM/2.On)
Y=Z*ZZ
00 6f5, N=NNLN
IF (MN.GT.N) 30.35

30 AP(MN+*1N+l) = o.on
GO TO 6S

35 DN = N
NLESSM=N-MN
TERM = FACT(N+MN+I)/FACT(N-MN+i)/(FACT(MN+I)*D2M)
SUM = TERM
DO 40 J = I1NLESSM
ni = J
TERM = TERM*(DN+DM+nJ)*XX*(DN-DM-D]JI)/(DJ*(DM+DJ)*2.D)
SUM = SUM + TERM

40 IF (nA8S(TERM/SUM).LIT.l.D-30) GO TO 45
45 AP(MN i,.N+1)=Y*SlJM
65 P(N+I) = AP(MN+I9N+1)

IF (X.GT. 1.0010) 300950
50 FIRST= 0.50 * DLOG( (XX+?.OD)/XX)

MONF=M+I
DO 145 N=NNLN
DN = N
O(N+i) = FIRST*P(N+I)
IF(N.EQ.0) GO T070
St)M=0.n
KRAP= (N-i) /2
no 60 J=INITIALqKRAP

R-J= )
DJ=nBLE (RJ)
S= (?P.D*DN-4.D*DJ-1.D)/( ( (I.D) +2.D*DJ)*(DN-DJ) ))*P(N-2*J)

60 SIJM=SUM*S
Q(N+l) = O(N+I)-SU)M

70 DO 140 J=2]MONE
RJ=.J-1
REALJ=DBLE (RJ)
REALJH= REALJ/2.OD
Y= (XX**REALJ-((X+1.D)**REALJ) )/(U(XX*(X+1.D))**REALJH) *2.OD)
S=FACT (Mi 1) / (REALJ *FACT (M-J+2))
TERM=Y*S*AP (M-j*29N*I)
IF (2*(J/2).NE.J) TERM = -TERM

140 Q(N+i) = Q(N41) * TERM
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145 CONTINUF
GO TO 350

300 EPS=1.OF-30
XY=XX* (XX*?.OD)
DM=M
XZ=I.0D/ (X+DSORT (XY))
7=X7*XZ
HM=nD/2.OD
XA=XY**HM
no 340 N=NNLN
DN = N
AL=DN+DM1 1.OD
RE=DM+0 .50
GA=DN 1.50
HAL=AL/2.0o
SUM=1.0n
TERM= 1.O0
K=0

330 K=K l

nK = K-1
IF(K.GT.2500)GO TO 339

331 TERM=TFPM*(AL+nK)*(BE*DK)*Z/(K*(fA+*DK))
SIJM=SUM+ TERM
EPC=TERM/SlJM
IF (FPC-FPS) 335,335.330

335 IF(M+N .GE.131) 410,420
410 FACTRI =2.D** (AL+DN) * (FACT (N+M +1) *1.0-300)

GO TO 425
420 FACTPI=?.On**(AL -DN)*FACT(N+M+*)
425 FACT92= (Z**HAL)*XA

FACT93 = FACTR1*FACTR2
COFF=FACTR3*(FACT(N+1)/FACT(2*N*2))
IF(N.LT.85) GO TO 1338
IF ( M+N.LT.131) COFF=COFF*(l.D-300)

1338 JM=M/?
IF(?*JM.FO.M) 3409338

338 COEF=-i .D*COEF
340 O(N+l) = COFF*SIJM
350 FNn

* * * ** * * *

SUtRPOUTTNF CTNV(Rt'|SdND)
TYPF C(MPt FY rnn
DTMFNSTON R( NDq1 .L (100)oM(100)
DO I J = I NS
no 1 I = 1*N15

1 R(T+NIS*(J-1)) = R(T+Nn*(j-i))
CALL MThiC(RNSND.D.LM)
DO ' J.l = .NS
J = NS'1-J.J
no ' IT = 1,9Ns
I = NS*1-IT

2 ?R(*Nf*(J-1)) = B(1+NS*(J-1))
9ET IQN
END
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SURPOUTINE MINC(ANNDDI..,M)
TYPE COMPLFX A9D81IGA,8IGAIHOLD,8
FQIU J JALENCF (BF3 ,C)
DIMENSION C(2)gCI(2)
FQUIIVALFNCF (RIGAqCI)
DIMFNSION A(NDI) 9L l) ,M(1)
D= (1.0,0.0)
NK = -N
DO An K=1,N
NK = NK+N

L(K) = K
M(K) = K
KK = NK+K
RIGA = A(KK)
RIfiAT = (I.onO.O)/RIGA
J=L (K)
TF(J-K) 3S 35,25

25 KI = K-N
On 0n I=l.N

Kl = Kl+N
HOLD = -A(KI)
Jl = Kl -K+J
A(KT)=A JI)

30 A(JTI) = HOLD
35 T=M(K)

IF(I-K) 45945,3P
38 JP= f\*(T-l)

Do 4n J=1,N
JK = NK+J
Jl = JP+J
HOLO =-AIK)
A(.JK) = A(.Jf)

40 A(JT) = HOl n
45 IF(CJ (1).EO.0..AND.rl (2) .FO.n.)46,48
46 n= n.n

RETIIPN
48 nO qq T=1,N

rF(T-K) 50*55*5n
50 IK = NK + J

A('TK) = -RTGAT*A(TK)
'55 CONTTNI)F

DO f6S 1=1l.N
TK = NK*T
HOl ) = A(TK)
TI = I-N
DO 6, J=1i,N
TJ = I J+N
IF(T.FO.K.OP.J.EO.K) GO TO 65

62 KJ = IJ -I *K
A(TJ) = HOLn*A(KJ) + A(ITJ)

65 CONTTNIIF
KJ = K-N
DO 7'5 J= 1, N
KJ = KJ + N
IF(.I-K) 70,75.70

70 A(KiJ) = Filfi4I*A(KJ)

75 CONT TNlJE
O = n*RIGA
A(KK) = R1G4T

P0 CONTINUEF
150 RFTIuRN

FND
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SUPROUTINF FIGFN(AqVALUNN8L)
DIMENSION A(70,70),VAlU(170),DIAG(70),Q(70),VALL(70)
ANORM = A(1,l)*A(19,) + A*29)*A(292)
no 4 I = 3,N

6 ANOPM = ANOPM + A(II)*A(II)* ?*A(I-2T,)*A(I-?,I)
ANORM = SORTF(ANORM)
NN=N-?
DO 1630 I=lNN

I 11*?
DO 160 J=IT*N
T1=A(II~i)
T2=A(Ig,J)
IF (T2.FQ*O.) GO TO 160
T=l./SQPT(Ti*Tl+T2*T2)
SIN=T2*T
COS=TI*T
no 105 K=1.N
T2=COS*A(K.+!l)*SIN*A(K]J)
A(K.])=COS*A (KJ)-STN*A(KT1.1)

lns A(K.T+I)=T?
no 1?5 K=I*N
T2=COS*A(I+gK)+SIN*A(J]K)
A(J*K)=COS*4(JqK)-qTN*A(I+1qK)

125 A(I*1,K)=T?
160 CONTTNINF

nol9=1 ,N
nIAG(I)=A(TI)
Q(T)=A(T*1-1)*A(I9T-1)

VALL (I)=O.
15 VALII(T) = ANOQM

1=1
18 TAIJ=(VAI L (T)+VALlJ(I))/?.

MATCH=O
TO = 0.

TI = 1.
0020 l=I.N
T2=(nlIAG(J)-TAll)*Tl-Q(J)*TO
TF (ARS(T?).LT.j.Fl3O) 6O TO 26
T2 = T?*1.F-200
T1. = Tl*1.F-?2O

?6 TF((TI.NE.n.).ANn.((T?*Tl).LF.O.)) MATCH=MATCH+1
TOn=T 1

20 Tl=T?
DO ?S K = 1 MATCH

25 VALII(K) = TAtJ
NATCH = MATCH * I
DO 30 K = NATCH, NRI

30 IF (VALI-(K).LT.TA(J) VALL(K) = TAI!
40 IF ((VAIJl(I)-VAIL(I))/VALIJ(I).GT.I.F-7) GO TO 18

T=T+l
TF(T.LF.NRI) fGO TO 40
FNn
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SIURPL)JTTNF TNTFGP(LNTSITFTAJ ,ETA2,A,INCFRCT)
TYPr nOtIRLE AAPG9RAPi.BFETACEFFTAIETA?,FACT.FARGFSCTRTSUMI,
IRTStlJM2,*SIJM.TSI.TSISO.W.XY,YS,Z7, FBCT
nIMFNSTON A(1),APG(96),8AR43(q6),CEF(96),FAPG(96),SUM(202),W(96),

IX(QA),Y(96)*YS(96)97(96),FRCT(3no)
CoMMON/RLKj/FACT(300)
nATA(X= -0.016?7674484960296457qno000

*-0.n4R8s298S136o49731112D0
* -0.n8l29749'54644?25SAQR994000
* -0.113695850110665920911n0on0
* -0.14597371469489694l19Ro000,
*-0.i78Os968R36761860?759Dono0-o0.?lnOl3lO4605672?0603o000,
*-n.?4l743l156163R40023?8Dn00o-0.2731988l?59l049141487D0000
*-O.ln43649443'44963930?4D)00O-0 .3352085?229?625422616DO000
*-o0.a6'6686147?3l363503l000.*-0.3957976498?A9OP603289D000o
*-0.4P547898P407300545365non0.-0.4547094?21677430086360000,
*-0.4P34'79739?0996359738D0no,-o.'5lI6941771S4667673586D0000
*-o.9393Rsln83243s74162 70nn0.-o*s6651041856139716R404Dn000
*-o.'93032364777572?00684D00*-n0.6189258401?546P57O3R6Dn00o
*-0.644163403784967ln679SD0n00
*-0.66871831oo43q16193953Dno,.-O.692964s36642171561344Dooo0
*-0.7156768l234Rq676?6??5DonO,-0.738030643744400132851D0000
*-0.75960234li76647498703O000.-0.78O369O43867433217604DOOO
*-0.8003087441391408172?9n0o0,n-.l9400310737931679539DO000
*-0.R376235ll22?8P7PlI494Dnnof-o.Rs4959o33434601455463D00o0
*-o.R7l3P8905909296502874Do009-0.88689451740?420416057Do000
*-.9n14630635315852341319DO00,-0.915071423120898074206DO00,
*-0.927712456722308690965Do000-0.93937033975275521693?DO00,
*-0 .90032717784437635756DOnO,-0.95968829144R74?539300D000,
*-0.9683?68?R463264212174DOO,-0.975939174585136466453D00,0
*-O.982517263563n34677447DO000-0.98805412632962379948ID00O0
*-0.29254390032376?6?4572DO00,-0.995981842987209290650DO00,
*-0.998364375863181677724DO00.-0.999689503883230766828DO00)
nATA(W=0 .32950614492363166242D90.o325161187l3368835987D,
*0. 014471637140642693640 0.03234382?5685759?8429D,
*0 03?206204794030250669D90.032034456231992663218D,
*0. 031887588944110065350b,0O3l5R9330770727168558D,
*O.o01316425596861355813D,0.o010103325863138374230,
*o.030671376123669149014nD0.030299915420827593794D,
*0.O?989634413632s3859840,.O?94610899581679OS97D0
*O.O?,994614150595236543DO.0?84974l1O650853R5646D,
*0.027970007hl6848334440D,0.o?7412962726029242823D,
*0.0?6826866'72599176?19RD,0.026212340735672413913D,
*0. 0?570036005349361499DO.o?49006332224836lO288,D
*O.O?4204841792364691282D,0.0?3483399085926219842D0
*0.O??73706965832937400100.0?19466644438744349195D,
*0.O?1172939892191298988D,.02035679715433332459SD,
*O.0195i908I140149022410D0 0.0186h0679627411467385D0
*0oo07782502316045260838D0o.ol688547986424517245oD0
*0n.O5970562902562291381D0.0olSO38721026994938006D,
*n.014090941772314860916D,0.0]3l?8229566961572637D,
*0.0i?1516046710R8319635D,0.011162102099838498591D,
*0.0t0160770535008415758D.0.009148671230783386633D,
*0.008126876925698759217D,0.007096470791153865269D,
*o0.00058545'04235961683Do.o05ol420?742927517693D,
*0.003964554338444686674D,0.002910731817934946408D0
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*o.Onl853960788946921732DO.O0O79679?0655520124?9n)
LNM1 = LN - I
DO '1=1,48
X(4A.1)=-X(T)

5 W(T+48)=W(I)
TSISO=TST*TSI
QTSUJMl=0.5D*(FTA2-ETA1)
RTSllM?=0.5D* (ETAi+ETA2)
A(I)=0.n
A (2)=0.D

615 0063A 1=1,996
Y (I) =RTSUMl*X (I) *RTStJM?
YS(T)=YTI)*Y(I)
7(T)=DS0RT((1.D)-YSf ))
CEF(I)=1W(I)*DSQRT(TSISO-YS(I))*RTSUM1
A(l)=A(l)+CFF(I)
A(?)=A(?J+CFF(I)*Y(I)
RARf(I) =O.D
FAPG(I)= I.D

430 ARG(I)=Y(1)
SUM () =A (I
SIJM (?) =A (2)
DO 640 l=?.LN
SIIM(l fl)=0.r)
DO65n T1=1*96
BARAG(I)=BAPG (J)*Y(I)+FARG(1)*7(1)
FAPn (I) =APG ( I)
ARCI)=ARG(I)*Y ()-RARG(I)*7(1)

650 SUM(!1 l)=SIJM(L+l)+APG(I)*CFF(I)
632 FORMAT(IX*14.D35.?5)
631 DC) i.qO N = ?.LNMI.TINC

LIMTT=N/2
A(N1)=(FBCT(N+N)/FRCT(N))/(?.D*FACT(N*1))*SUM(N-1)
DO 660 l1=1LIMIT
RETA=(FACT(IL)/(FACT(L)*FACT(L+1)*FACT(N-L*I)))

1*(FRCT(N+N-l--I-)/FHCT (N-fL) )
IF((2*L).FO.N) RFTA=.9D*BFTA

660 A(N+*)=A(N+1)+RFTA*SiJM(N-L-L+*)
679 A(N+))=0.sD**(N+N-3)*A(N I)
4380 CONTTNIJF
7no CON7INIJF

FN0

48



NRL REPORT 7694

SURPOUTITNE POLY(LN.ARGPFRCT)
TYPF DOUJBLF FACTFRCTPANGLFTERM9,SUIMARGSY
DIMFNSION P(125)9Y(I50)qFRCT(300)
COMMON/RLKI/FACT(300)
11=O
MI = 0M=
IF (ARRS(l.DO-ARC).LT.l.D-10) ARC, = 1.D
ANf,!F = DATAN2(DSQRT(l.Dfl - ARf*ARG).ARG)
LNN=LN+1
LDN = LN * ?
no ? N = 1.LNN
P(N) = n.D

2 Y(N) = nCOS((N-l)*ANGLF)
MM = I
M2 = 2
IF ((ANGLE.NE.0.).AND.((ANGIF.LT.3.1415926).OR.(ANGLE.GT.3.1415926

19))) GO TO 6
ARG = 1.
nO 9 N=lqLNN

5 P(N)= 1.0
IF( ANGLE .FQ.O) GO TO 14
DO 4 N=?.lNN.2

4 P(N)=-P(N)
GO TO 14

6 IF ((ANGLE.LT.1.570796320).OR.(ANGLE.GT.1.570796329))GO TO 10
ARG = 0.

3 P(M) = 1.0
Do 7 N = 2.LN.2
P(N+1) = FACT(N)/(FACT(N/?)*FACT(N/2?1)*2.D**(N-1))

7 IF (?*((N-M)/4).NE.(N-M)/?) P(N+1)=-P(N+I)
GO TO 14

10 P(MM) = 1.D
11 Do 13 N=MM.LN

S = 0.0
IN = (N-M-1)/2

Do 1? I = Il.IN
12 S = S+FACT(2*M+?*I+1)*FBCT(2*N-2*1+1)*Y(N-M-2*1+1)/(2.D**

I(M*N)*FRCT(N-I+1)*FACT(MM+I)*FACT(I+1)*FACT(N-M-I+1))
P(N+1) = S/2.**(N-1)

13 IF (?*((M+N)/2).EQ.M+N) P(N+I)=P(N+l)+(FACT(N+l)/
I(FACT((N+M)/2+1)*FACT((N-M)/?+1)))**?/(FACT(2*M+1)*2.D**(2*N-M))

14 RETURN
END
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S(JRO0UTTNE SRESF (XHRPAY)
DIMENSION RAYP(?0)
TYPF DOUBLE CPFACTRAYSUJMTERMTKTMXHXI Z2H
COMMON /BLK 1/FACT (300)
L = 0

1 IF (XH.GE..4D) GO TO 4
72H=XH*XH/P.D
DO 3 N = L.140
TM=FACT(N+i)*(XH *XH)I**N/FACT(N+N+2)
IF(N.GT.84) TM=TM*1.D-300
TF(TM.FO.O.n) GO TO 8
SUM=1 .n
TERM = 1.0
DO 2 1=1,50
XI=T*(N+N++I+1)
TERM=-TFRM*ZH/X T
SUIM = SUM + TERM

2 IF(D)ARS(TERM/SJM).LT.1.D-26) GO TO 3
3 RAY(N+l) =TM*SUM

RETIRN
4 N = 170

IF(XH.LT.10O.D) GO TO 2O
RAY( )=nSIN(XH)/XH
RAY(P)=(RAY(l)-DCOS(XH))/XH
NMI=KN-1
DO 11 K = 1,138

11 RAY (K+?) = (K+K 1I) *RAY (K*1 ) /XH-RAY (K)
RETIQJRN

20 IF (XH.f6T.10.OD) N = 200
RAY(N1i) = 1.D-200
RAY (N+2) =0.n
I = -N
M = -_
no i KK=I1M

K = -KK
TK=K+K+1

5 PAY(K)=TK*RAY(K+I)/XH-PAY(K+2)
CP=nSIN (XH) / (XH*RAY (1))
IF(nSIN(XH).LT.I.D-2) CP=(0STN(XH)/XH-DCOS(XH))/(XH*RAY(2))
Do 6 L=1140

6 PAY( )=CP*PAY(L)
8 no 9 J=N*139
9 RAY( 1.1)=0.r)

DO 1? 1 = 1419250
12 RAY(T) = o.n

END
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Appendix B

LISTING IN FORTRAN OF OSPRDS, A COMPUTER PROGRAM TO CALCULATE
THE ACOUSTIC RADIATION FROM TWO COAXIAL OBLATE SPHEROIDS

PPOGRAM OSPPDS
TYPF COMPLFX CTSCXDACSDCS.FF.R41 R42,RID4,Q2D4,RlF4,R2F4T
$SIMPI ,SIMP21STMP3,SIMP4,SIMP5,STMP6,SIMP7,SIMP8,SMP9,SMlSM2?SM3,
$5T TOQ1 ,STOP?2.SUM, SUJMMoStMli SIJM2,SVM TRS1I TRS?,VEL, *VEL2

TYPF DOIJBLF AAA.ALPHA,.SFCRTCRZ.CRZZ.DTK.F.EIGL1,EIGL2,FTAi1,
$ETA?*FTALIFTA-2,FTAlJlgETAlU2?FPCTHSIlHS2?PPISTFRMXCTXIL,
$XS1XS2?YCTYMFZCTTHFTALI*THETAU1,THETAL2?THETAU2

TYPF DOUBLE AAAHAPARAT10ARGARRAYATERMBLIST,8OOKCLCOEFF1,
ICOFFF2,COEFF3,CORA.CORPCRAD2,CRAD2D.CWRONDEDHDL-DLISTDN,DNEG,
2D9ATIO,DWDX,EIF2,F3.FJN.FM,ENR.ENRC.FSTORFESIJMEYF.FACT,FNI.
3FN2oFNMFSTRATCLISTHHHHOU.JTPIJTqPAPERPCLoPENPL8,PL9,PLAPLR,
4PLCPLnDOQIRlDR2?RnDR3,RADI*RADlDRAD2,RAD2DRATIORRRS,
9RSTOPE,,RSlJM .SSIJM1,SIJRSIJM.TFMP.TF9M1*TERM2,.TFRM3,TWRONW, X.X1.XL,.XX
DIMFNSION ANGilE(40),BACT(560).RSF(25Q),CTS (60),CX(60.60).DACS(60).

sncs(63o),DDi1(30*110),DDU?2(30, 30).DLAST(200),DM(200),FIGL1(30),
SFIfi 2 30 ) ,FRCT (300) .FF (40) ,FFA (40) ,FFM (40) .P( 125) .R11(30).
$R41(30),R12(30),R4?(30),RIOI(30),RlD4(30),R2Di(30),R2D4(30),
$QRFI(30),RIF4(30),RF1(30),R2F4(30) S1(30).S2(30).
$SACKJ( 8850) SACKR(2780) ,SIRI.1(30),SIRL2(30).SPnlNT(2).STOR!(30),
$STOQP(30),TRSI(30),TRS2(30),XIL(60),XNMI1(30),XNML2(30).YMF(300)
DIMENSION A(8080),AIG(80).ARATIO(250)tARRAY(290),BLIST(250).

i8onK(290) .COEFFI (250) .COEFF2(290) ,COFFF3(250) ,DL1ST(200) ,DN(200).
2DRATTO(30)tENR(250),FNM(250),GLIST(250),OUTPUT(1309 I),PAPER(250),
3PCL(250),PEN(250),Q(200),RATIO(250)

EQUTVALENCE (SACKI(I),CX(l)),(SACKI(8776),SACKR(I)),
$(SACKI(1),8LIST(l)),(SACKI(501).GLIST(I)),(SACKI(1001),DN(1)),
$(SACKI(1501)*DM(1))q(SACKI(2001)*ENR(1)).(SACKI(?501).ROOK(I)).
$(SACKI(3001),COFFF1(1)),(SACKI(3501),COEFF2(l))*(SACKI(4001),COEFF
Si3(1)) (SACK! (4501) ,PAPFR(1) )q (SACKI(5001) ,PCL (1) ) g(SACKI(5501) PEN
$(1)),(SACKI(6001),RATIO(l)),(SACKI(6501),ARATIO(l)),(CX(1),A(l))

COMMON/S/SACKITCXASACKFiiIISTGLISTDNDMENPR8OOKCOEFFF1
SCOEFF2,COEFF3,PAPERPCLPENRATIOARATIOSACKR

COMMON/BLK1/FACT(300)
7777 CONTTNUF

REWIND ISREWINn 2$REWIND 7SREWIND 8SREWIND 10
RHO = 1000.
CEE = 1500.
FACT (1) =1.D
n0 2945 J=2.171

2945 FACT(J)=(J-1)*FACT(J-1)
FACT(171)=FACT(171)*1.D-300
DO 2950 J=172,296

2950 FACT(J)=(J-1)* FACT(J-1)
F8CT(1) = 1.n-250
DO 2949 J = 1,275

2949 FRCT(J+*) = J*FRCT(J)
8ACT(I) = 1.
DO 2939 1 = 2,558,2

2939 RACT(I+1) = 8ACT(I-I)*(I-1.)*4./I
LI = 0
IDL = I
READ 90,IDEMIDEMPIIDEMPR

90 FORMAT (315)
READ 91,XS1,HSI

91 FORMAT (2D10.5)
READ 91.XS2.HS2
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READ 96,ALPHA
96 FORMAT (DIO.S)

READ 939IVFL1,VFLITHETALlvTHETAUl
93 FORMAT (I1,C(F9.3,FI0.3),2Dl0.5)

READ 93,IVEL2,VFLTHETAL2,THETAtf2
IDEMPI = IDFMPT/2*2
IDEMPR = IDEMPR/2*2
ICXT = 25
ICXTI = ICXI+ICXI-I
IF (IDEMPI.LT.26) IDEMPI = 26
NDR = IDEMPR + IDEMPR
NDI = IDEMPI + IDEMPI
NFFF = 0
IDEMPII = NnI - I
IDFMPRR = NDR - I
IMP = MAXO(!DEMPTIIDFMPRR)
IMPR = (IMP.])/2
ICM = MAXO(ICXTIqDEM)
NL = IDEM
INDEX = -2
IDFM? = 2*TDFM
ISRT = 0
PI = 3.141592653989793?3846D
PJ? = 1.5707963268
THOF = 0
ISM = 0
R41(l) = CMPLX(O.,t.)
DO 7?7 I = 2,TDFM

727 R41(T) = (0.,1.)*R41(1-1)
PRINT 5555

5555 FORMAT (1H145X*ACO(JSTTC RADIATION FROM TWO OBLATE SPHFROIDS*)
PRINT S556*XS1,HS1,XS?2HS2

9956 FORMAT (//16X*SHAPF PARAMFTER XI ACOUJSTIC SIZE PARAMFTER H*//SX
$1OHSPHEROID I SXFIO.6.14XFIO.6/ SXIOHSPHEROTn 2 SXF10.6,14XF10.6)
PRINT 5557,ALPHA

5997 FORMAT (//5X*SFPARATION PAPAMETFR*//6X7HALPHA =F11.6)
PRINT 5558.THFTAl.,THFTAUlITHFTAl2?THETAU2

9558 FORMAT (//16X*IOWFP AND tUPPER LIMITS (IN DFGREFS) OF VIBRATING 8AN
$DS*//3OX5HI OWER)?X9HUPPER//5X1OHSPHFROID 1 13XF8.3,9XFR.3/SX
$10HSPHEROID 2 13XF8.3,9XFR.3)
VIM = CARS(VFLI)
V2M = CABS(VEL?)
VIA = CANG(VELl)*180./PI
V2A = CANG(VEL2)*18n./PI
PRINT 5559*VELlVlMMVlAqVEL2?V2MV2A

5559 FORMAT (//16X*NORMAL VFLOCITY (IN M/SFC) OF VIBRATING BANDS*
$//23X4HREAl-6X9HIMACGINAPY9X9HMAGNITIJnFl2X*PHASE ANGLE (DEGREES)*
$//SX1OHSPHEPOID 1 SXC(F8.3*F1?.3),2F14.3
%/ 5X1OHSPHFPOn 2 5XC(F8.3.F12.3).2F14.3)
PRINT 5560.TDEMqTDFMPbIDEMPR

5960 FORMAT (//16X*StJMMATT0Kt PARAMETFPS*//7X6HIDFM =13.3X8HIDEMPI =14,
$3X8HYDEMPR =T3)

FTALI = DCOS(PI*THETAL1/180.n)
FTAIJI = DCrS(PI*THFTAlIf/18o.D)
FTAL? = DCOS(PI*THETAL?/180.D)
ETA'J? = DC0S(PI*THETAI.12/180.D)
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nT' = HSI*ALPHA
CAlL S8FSF(ITKq140.BSF)
YMF(1) = -DrOS(DTK)/DTK*1.F-?95
YMF(?) = YMF(1)/DTK - DSTN(DTK)/DTK*l.E-295
KSR1 = ICXII + YDEMPII - I
DO A99 K = lKSRl
KK = K
YMF (K+?) = (K+K+1 .n) *YMF (K. 1) /DTK-YMF (KY
IF (nARS(YMF(K*2)).GT.l.D300)GO TO 4501

899 CONTINUF
GO TO 4502

4501 IDEMPI = (l+KK-ICXII)/4*2
IF (IDEMPI.GE.TCXI) GO TO 4504
IDEMPT = (IDEMPI + TCXI)/4*2
ICXI = TDFMPI

4904 NDI = IDEMPI * IDEMPI
IDEMPII = NnD - I
IMP = MAXO(IDEMPTIIDEMPRR)
IMPQ = (IMP,1)/2
PRINT 4903, IDEMPI

4503 FORMAT (/1OX8HIDFMPT =14,IX24HDtJF TO LARGE NEUMANN FNS)
IF (ICXI.LT.25) PRINT 4505.ICXI

4505 FORMAT (l(X6HICXJ = 14/)
4902 M = 0

EM = M
LF = NL - 1
N = NI = NL
LCK = n
JDNX = -1

810 INnFX = INDEX + 1
IF (INnFX) 814,815,816

816 READ 719, NFF
719 FORMAT (11)

IF (FOF960) 7239724
724 NFFF = NFF

GO TO (729,720972397777) NFF + I
729 IDNX = -1*D)nNX

IF (NFF+JDNX.EO.0) GO TO 1000
IF ( )DNX.GT.O) 825,826

825 READ 817,XCTYCTgZCT
817 FORMAT (3D10.5)

CRT = XCT*XCT + YCT*YCT + ZCT*ZCT - 1.D
X = nSORT(.9D*(CRT+DSORT(CRT*CRT,4.D*ZCT*ZCT)))
E = ZCT/X
XX = X*X * 1.0
IF (XCT.EQ.0.*AND.YCTEQ*O0.) GO TO 812
PHI = ATAN2(YCTgXCT)*180./PI
GO TO 813

812 PHI = 0.
813 PRINT 910,XCT*XgYCTgEgZCTgPHI
910 FORMAT (/////57X*INPUT NEARFIELD POINT*//37X*CARTESIAN COORDINATES

$*19X*SPHEROIDAL COORDINATES*//36X1OHX/(DI/2) =F13.5918X4HXI =E13.5
$/36X1OHY/(Dl/2) =E13.5917XSHETA =E13.5/36X10HZ/(D1/2) =E13.5917X
S5HPHI =F13.3,8H DEGREES)

AAA = E
IF (E.LT.0.n) E = -E
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CALL POI Y(90nEtPgFRCT)
H = HS1
HSO = H*H
AA=-H*H
HHH = AA*AA
6O TO 9?7

826 CR7 = X*AAA - ALPHA
CRZ7 = CR?*CRZ
CRT = (CR77 + (X*X+l.D)*(I.DO-E*F))*(HSI/HS2)**2 - 1.0
X = nSPRT(.sD*(CRT+DSORT(CRT*CRT*4.D*CR7Z*(HSI/HS2)**2))')
F = CR7/X*HSI/HS?
XX = X*X * I.D
AAA = F
IF (F.lT.0.D) F = -F
CALL POl Y(90,EPFBCT)
H = HS?
HSO = H*H
AA=-H*H
HHH = AA*AA

A27 LRK = 0
GO TO 1000

720 REAn 7219 F
721 FORMAT (D20.10)

IF (THnF.EQ.1) JnNX = -I*JnNX
AAR = E
E = ncoS (Pi*E/lPO.D)
PRINT 932*AAB

932 FORMAT (/////1OX17HFAP FIELD ANGl6E =F7.?21X7HDEGRFES)
AAA = E
ART = AAA*DTK
nO 710 r = I.IDEM

730 R42?T) = R41(I)*CMPLX(COSF(ART),SINF(ART))
IF (F.lT.0.D) E = -F
CALL POLY(90,FtP.FB(T)
fO TO 1001

814 X = XSI
H = HSI
LRK = 0
HSQ = H*H
AA=-H*H
HHH = AA*AA
IF (H.GT.20.n) N=NI * (H-?0.D) /?.D
IF(N.L.T.50) N=90
IFftN.eT.80) N=80
XX = X*X + I.n
FXlEX = XX

SPDTNT(1) = .5*(FTAIl*DnARS(ETAU1) - FTALI*DARS(FTAL1))
IF (x.Eo.n.n) GO TO 6
SPDTKIT(I) = .5*(FTAtI.*DSORT(X*X+FTAU1*ETAIJ1)+

1X*X*DLOG(ETAIJInSORT(X*X*ETAUI*ETAUI1))-ETAL1*DSORT(X*X+ETALI*ETALI
2)-X*x*DIOG(FTALlInSORT(X*X+FTAL1*ETAL1)))
GO TO 1000

815 X = XS2
H = HS?
LRK = 0
HSO = H*H
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AA=-H*H
HHH = AA*AA
IF(H.GT.20.0) =l(-OI)P T
IF(N.LT.S0) N=50 
lF(N.GT.80) N=80
XX = X*X + 1.D
EXEX? = XX
SPnINT(2) = .5*(FTAI-J2*nARS(ETAU?) - ETAL?*nABS(ETAL2))
IF (X.FO.O.D) GO Tn 1100
SPnTNIT(?) = .5*(FTAU1?*DSQRT(X*X+FTAU2*ETAU2)+

IX*X*r)LOG(ETAtU?+DSORT(X*X+ETAII?*FTAI?)2)-FTAl ?*DSORT(X*X+ETAL2*ETAL2
2)-X*X*DtOGE(FTAL2+DSORT(X*X+ETAI?*ETAI.2)))

1100 IF (DARS(HS)-HS2).GT.l.n-7) IHDF = I
IF (nARS(XS?-XSI).GT.I.D-7) ISM = I
IF (THDF.E0.1) LCK = 0
IF (ISM.FQ.TNDEX.ANn.IHDF.FQ.0) GO TO 891

1000 IF (X.EO.0.n) GO TO 6
LO = 1?9
CALL OLFG(nLO.XgQ)
Do RT=81LO

8 0 1J TP II T ( I + I0( I
OtJTPOT(1,1) = l.D

6 ARfi = X*H
1001 DO 1 IL = I1NL

L = IL - 1
IF (l.CK.FQ.1) GO TO 4
LCK = I
n041 J = 1. N
D041 I = I1.N

41 A(I..J) = 0.
D04? I = 1.N
XL = I - 1

42 A(l.!) =XL*(XL+l.)*AA*(2.*XL*(XL+1.)-1.)/((2.*XL-1.)*(2.*XL*3.))
NM? = N-2
D041 I 1 .NM2
XL = I - 1
A(I,T+2) = (AA/(2.*XL+3.))*SORTF(((XL-+2.)*(XL*I.)*

1 (XL+?. )* (XL1. ) )/( (2.*XL*5.)*(2.*Xt-1 ) ) )
43 A(1+291) = A(1,1*2)

ANORMI =AA
ANORM2=LF* (LF+*.)
CALL EfIGEN(AAIGN4NlqANORMl.ANORM2)
IF (INDFX*EO.O) GO TO 36
DO 71=1*NI

7 EIGL1(I)=A1G(I)
GO TO 38

36 DO 33 I = 1NI
33 FIGL?(T) = AIG(I)
38 PLB= I.D

4 CL = EIGLI(L+I)
IFC=O
IUCT = L/2
IX = L - 2*1UCT
IRTO=I(JCT+l
IR=IR0+lI
IF (INDEX)77497759780
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775 IF (IHOF.EO.1)57*780
57 CL = EIGL2(L+I)
774 LIM = 240

ID = 2 * IX
18 = LTM/2 - IX
GLIST(1) = AA/3.D
IF (IX.FQ.I) GLIST(1) = (2.D) + .6D*AA
II8=T8-1
DO 131=IDgLTMv2
EYE=I
BLIST((I-IDn2)/2)=EYF*(EYE-I.D)*EYE*(EYE-I.D)*HHH/
1((2.n*EYE-3.D)*(2.n*EYE+l.D)*(2.D*EYE-l.D)*(2.D*EYE-lon))

13 GLIST((I-lD*4)/2)=EYE*(EYE+1.D)+.5D*AA*((1.D)+1.D/((2.n*EYE-I.D)*
1 (2.n*EYF*3.D)))

17 ENR())=CL-GLIST(1)
no 181=l*ItJCT

18 FNR(I*1)=-RLIST(1)/FNR(I)-GLIST(1*1)*CL
ENP(TR)=-BLIST(IB)/(GLIST(IR+I)-CL)
IP=TT8*IR
DO 19 I=IPR*TR
IPI=IP-1

19 ENR(IPI)=-RLIST(IPI)/(GLIST(IPI+1)-CL+ENR(IPI*I))
FNRC=-RLIST(IRIO)/(GLIST(IR)-CL+ENR(IR))
DE=FNRC*FNRC/RBIST(IRIO)
CORR=DE
DO 20 I=IR,IS
DF=FNR ( T)*ENR (! )/BL!ST (I )*nE
CORR=CORR+DF

20 IF(nARS(DF/CORB).LT.l.D-27) GO TO 23
23 CORA = 1.D

nE=1 .D
DO 6 I =1.IIJCT
DE=RIISTI(10-I)/(FNR(IPTO-T)*ENRCIPIO-I))*DE
CORA=CORA+DF

26 IF(DARS(DF/CORA).LT.1.D-27) 6O TO 27
27 DL=(FNRC-FNR(RlIO))/(COPA+CORB)

CL=Ct- *nl
IF(nDRS(DL/CL).LT.I.D-24) GO TO 22
IFC=TFC+1
TF(JFC.tT.90) GO TO 17

22 IF (TNnFX.Fo.n) GO TO 28
F1GLI(L+l) = CL
GO TO 31

28 EIGL?(L+1) = CL
31 AR=In

DN(1) = (2.O*AR-I.D)*(?.D*AP+l.D)*ENR(1)/(AR*(AR-I.D)*AA)
DM(1) = DN(1)*1.F250
W = nN(I)
nDoIOJ=2. lB
AR=lD+?* (J-1)
nN(J) = DN(J-1)*(2.D*AR-l.D)*(2.f*AR+1.D)*Et) R(J)/(AR*(AR-1.D)*AA)
OM (1) = OM(J-i)*(2.D*AR-I.n)*(2.n*ARP+.r)*FNR(J)/(AR*(AR-I .0)*AA)
nW = DN (J)

30 1=W.nW
nLISTT(1) = 1.n/(W11.D)
DtAST(l) = nLTST(1)*].F?50
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D03?j=1.113
DLA'T(J'1) = DM(J)*nLIST(l)

32 nLIST(J+])=nN( J)*DLTST(l)
TF (TNDFX.FO.O) GO TO 46
IRwn = I
FBUFFF OUT (1.1) (nLIST(l),l-lIST(72))

792 IF (IINTT.1) 792,787
46 BUFFFR OUT (2,1) (nl-IST(l),DLIST(72))

IRwn = ?
790 IF ('1NIT,2) 790,787
783 PPINT 980
980 FORMAT (1OX*FOF SENSFO*)

STOP
784 PRINT 9R1
981 FO9MAT (ICX*PARTTY ERROR*)

STOP
780 IF (THDF.FO.O) 60 TO 771

IF (.J0NX.EO.1) GO TO 771
CL = EIGL2(1 +1)
IRWn = ?
RUFFFR IN (21!) (DLTST(1I),DLTST(72))

781 IF (UNIT,2) 781*787.783,784
771 IRWn = i

1UFFFR IN (1,1) (DLIST(1)qnLIST(72))
788.IF (fJNIT,1)738,787,783,784
787 IF (INDEX) 296,301,298
301 XNML?(L+1) = DLIST(1)**2/(tIX+.5)

Do 49 J = 1972
45 XNMI-?(L+1) = XNML2(L+l)+*)LIST(J*1)**2/(2.*J+IX+.5)

DO 44 1 = 1,ICu
44 OD(12(L+*1,) = OLAST(I)

GO TO 299

296 XNMLI(L+1) = DLIST(1)**2/(IX+.5)
DO 1?2 J = 1972

122 XNMLI(L*1) = XNML1(L+1)*DLIST(J*1)**2/(2.*J+IX+.S)
DO 1?0 1 = 1IMPP

120 DDL1(L*1I) = DLAST(I)
GO TO 299

298 IF (TNDFX*NFF*GT.0) GO TO 818
299 TF(X.NFe.0.n) GO TO 200

DRATTO(l )=o.n
DNEG=DLIST (l)
TERM = FACT(ID+ID-3)/(?.D**(TD-2)*FACT(ID-1))
FSTPAT=TERM*DLIST ()
TERM?=nDAS (FSTRAT)
no 34 I=2?71
TERM = -TEPM*(I+I+Il+In-6)*(T+T+TD*ID-7)/(4.D*(I-l)*(I+ID-3.))
TERMI=TFRM*nLIST (I)
TERM?=DMAXl (TERM?,DARS(TERMl))

34 FSTRAT=FSTRAT*TERMI
IAC=?6-nLOGIO(TERM2/DARS(FSTRAT))
IF(AC.(GT.25) IAC=?5
GO TO 237

200 El=DSIN(ARG)/H
RR=DCOS (ARG) /H
GO TO (201203,205,?06)qL-(L/4)*4+1
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201 F2 = - PR
PS = El
GO TO 208

203 RS = - RR
E2 = - F1
GO TO 208

205 F? = RR
RS = - Fl

GO TO ?08
?06 PS = RR

F2 = El
?08 F3 = RS

R3 = - F2
!F(L.NF.L1) GO TO 211
L NE=145
CALL SRESF(AR69LNEgARRAY)

211 PLA = 1.0
TA=1
IF(2*IIJCT.NF.L)IA=IA+l
IC=TA* 142
IF(X*H.CE.100.D) IC=IC-4

214 SUBSUIM = o.n
219 nO ?17 K = IA. IC, 2
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242 RAnI=f.nD
RAn D=PI-C*H/3.0 I-

PADP=-l.0/(H*RAD1D)
RAD?n=3.n*PT*FSTRAT*FSTRAT/(2.D*H*H*DNEG)
fO TO 326

244 RADI=-PLC
RAn1n=o.n
RAD? = PI*FSTRAT*FSTRAT/(?.D*H*DNEG)
RADD=1 .D/ (H*RAD1)
GO TO 326

246 RA0l=0.D
PADln=-PI C*H /3.n
RAD?=- 1.D/ (H*RADID)
RA0?D=-3.D*P!*FSTRAT*FSTRAT/(2.D*H*H*DNEG)
GO TO 326

252 MA=I?3
GO TO 256

254 MA=MA-2n
256 JS=MA-?

S=.JS
PATTO(MA)=O.D
IMA = MA - I
RATIO (IMA) = 1.D
DO ?93 J = 1. IMA
T=IMA-J+l
COEFFI(I)=2.D*H*(S*1.D)*(S+1.D)/(2.D*S+3.D)
COFFF2(r) = s*(s.1.nD) -Cl.-H*H
COEFF3(I) = 2.D*H*S*S/(2.D*S-1.D)

253 S = S - 1.n
ARATIO (2) = 1. n
ARATTO ( 1) = 0. D

269 no 2o0 =1.gJS
K=JS-I*1
FNI = COEFFI (K + 1) * RATIO (K * 2)
FN2 = COEFF? (K * 1) * RATIO (K + 1)

270 RATTO (K) = (FNI - FN2)/COFFF3 (K * 1)
IF(nARS(RATTO(K)).GT.i.D+300) GO TO 254
IF(nARS(RATIO(K+l)).GT.DABS(RATIo(K))) GO TO 272

280 CONTTNUF
INO=K
GO TO 274

272 IND=K*1
274 IF(IND.LT.2) IND=2
281 no 289 J=19K

IJ = J * 1
FN1 = COEFF2 I) * ARATIO (IJ)
FN2 = COEFF3 (J) * ARAT1O (IJ - 1)
ARATTO (IJ * 1) = (FNI + FN2)/COEFF1 (J)

289 CONTINUE
RATTIOI)=RATIO(IND)/ARATIO(IND+1)
Do 291 I=lNnDMA

291 ARATIO(I+1)=RATI0(I)/RATIO(1)
RSIJM=OUTPUT(391)*ARATIO(3)
ESUM=OUTPUT (21)
RSTnRE=-OUTPUT1(21)*(ARATIO(3) H)
ESTORE=1.D/XX+OUTPUT(391)*ARATIO(3)*H
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no 3n6 K=49MA
AR=K
TERM1=OIJTPIT (K1 )*ARATTO(K)
TERM3=-ARATTO(K)* (AR-2.D)*OUTPUT (K-I .1 )/XX
IF(?*(K/2).FO.K) GO TO 304
RSlJM=RSUM * TFRM I
FSTORE=FSTORE*TERMl*H
RSTORE=PSTOPETERM3
IF4ARS(TERMI/ESTORE).LT.1.n-27.AND.A8S(TFRM3/RSTORE).LT.1.n-27

1.ANn.ABS(TERMI/RSUM).LT.1.D-27) GO TO 309
GO Tn 306

304 TERM?=TFRMI*X*(AR-2.D)/XX
FSt)M=ESUM*TERMI
RSTnRE=RSTORE-TERM1*H
FSTnPE=FSTORE*TFRM2-TFRM3

306 CONTINUF
309 PSUJM = (RADM + F3 * ESUM)/R1

RSTnRE = (RADID * E3 * ESTORF)/R3
311 CRAD?=R3*ESOM+E3*RSUM

CRAnD=P3*ESTORF*E3*RSTORE
TwRnN=i.0/ (H*XX)
CWRON=RADl*CRAD2D-CRAn?*PAnID
NIAC=-nlOG1O(DABS((TWRON-CWRON)/TWRON)*1.D-26)
IF(X.LE.I.D.OR.(X*H).LE.I0.D) GO TO 325
IF(L.NE.Ll) GO TO 313
LNE=141*M
CALL SPHYN(ARG.LNEFNM)

313 JN=1
IF (7*(L/2).EQ.L)JN = 0
RAn?=o .n

315 K=1*.IN/?
TERM = DLIST(K)*FNM(JN+1)
!FU(.JN*I).GT.170) TFRM=TFRM*I.D+300
IF (4*((JN-L)/4).NE.(JN-L.)) TERM = -TERM
RAD?=RAD2*TFRM
IF(K.LT.5) 6O TO 316
IF(nDAS(TERM /RAD2).LT.(I.n-?7)) GO TO 318

316 JN=JN+2
GO TO 315

318 RAD?=RAD2*PI-A
RADD=0.D
JN=JN-?*(JN/?)

320 K=1*.JN/?
EJN=JN
PLP=H/(?.D*FJ)N*1 .0)
TERM = DLIST(K)*PtR*(FJN*FNM(JN)-(EJN*1.D)*FNM(JN+2))
IF((.IN+1).GT.170) TERM=TFPM*1.D+300
IF(4*((JN-L)/4).NF.(JN-lt)) TFRM =-TFRM
RADD=RA02n+TFRM
IF(K.LT.5) GO TO 32?
IF(nDaS(TERM /RAO2D).LT.*(1.D-27)) GO TO 324

32? iN=.IN+?
fO TO 320

324 CWRON = RAD1 * RAD2n - PAD2 * RAnlD
IAC=-DLOGiO(DARS((TWIPON-CWPON)/TWRON)+l.D-26)
IF(TAC.GT.NTAC) GO TO 3?6
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325 RAD2=CRAD2
RADl)=CPAD2D
IAC=MI4C C

326 IF(TAC.LT.O) IAC=0
RI = RADi
RID = RADWO
R2 = RAD2
R20) = RADD

95 IF (TAC.LT.S) PRINT 933, LRPIRiDRpR2DCLIAC
933 FORMAT (IX*PADIAL FUNCTION ACCURACY WARNING*5X13,4D1i9.5.D20.10,14)

IF (INDFX.GT.O) 8189819
R19 IF (TSM+IHnF.GT.0) GO TO 841

RlFl(L+1) = RI
RIF4(L+1) = CMPl X (PI,-R2)
R1ni(L*+) = RID
R104(L+1) = CMPI-X(RID*-R2D)
GO TO 842

841 R201(L+1) = RID
R2D4(L+*) = CMPLX(RID.-P2D)
R2FI(L+1) = RI
Q2F4(L+*) = CMPLX(Rl.-R2)
60 TO 842

818 INX = 1
IF (AAA.LT.*.D) INX = -1
MIN = L * 10
i = 1 * IX
K= 1
S = 0.0
DO 80 I = JiMIN,2
II = I * 2
S = S * DLIST(K)*P(I)

80 K = K * I
84 TERM = DLIST(K)*P(IT)

S = S * TERM
IF (S.EO.O.n) GO TO 81
IF (DA8S(TERM/S).LT.l.D-14) 81, 82

82 K = K * I
11 = IT * 2
GO TO 84

81 IF (INX.EQ.-I.AND.2*(L/2).NE.L) S = -S
IF (NFF.EQ.o) GO TO 744
IF (HnF.EQ.0) GO TO 722
IF (.JDNX.EOQ1) 741,742

744 IF (.JDNX.LT.O) GO TO 820
RlI(L*I) = PI
R41(L*1) = CMPLX(Rlg-R2)

741 SI(L+l) = S
GO TO 842

722 Sl(L+*) = S2(L+I) = S
GO TO 842

820 R12(L I) = RI
R42(L*I) = CMPLX(Rl1-R2)

742 52(L*1) = S
842 LRK = I

1 LCK = I
IF (TRWD*EQ.P) GO TO 51
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REWIND 1
GO TO 9?

51 REWIND 2
52 IF (INnEX)R!0,748,747

747 IF (,JDNX.GT.O) 729,830
851 no 892 1 = iginM

XNML?(I) = XNMLI(I)
P2F171I) = 9IF1(I)

R2F4(I) = RIF4(1)
R2D1(I) = PID1(I)

852 R204(l) = RID4(1)
on 591 I = 1I1DEM
no 591 J = 1,TCM

581 ODDJ?(TpJ) = DDL1(IJ)
748 TI = TTMELEFT(K)

NZEPn = 0

Do 6S0 MR = NZERO,ICXTI
Do 6q0 MS = MRIMP
MT8 = MS - MR
MTF = MR P MS
MM = MTB*1
NN = MTF+l
MN = 1-MTH
TSACKR = TSACKI = 0.
TNT = (-I)**((MS-MR+MTB-2)/2)
no 691 MT = MTRBMTE92
TNT = -INT
TTFRM = (INT*(MT+MT+l.)*RACT(MM+MT)/((NN*MT)*BACT(NN+MT))*
$RACT(NN-MT)*RACT(MN+MT))
TSACKR = TSACKR + TTERM*SNGil(8SF(MT+l))

691 TSACKY = TSACKI + TTERM*SNGL(YMF(MT+]))
IF (MS.GT.NDR-I.OR.MR.GT.NOR-1) GO TO 650
SACKP(MS+I+MR*NDR-((MP+1)*MR)/?) = TSACK9

650 SACKT(MS+*+MR*NDI-((MR+I)*MR)/2) = -TSACKI
T2= TTMELFFT(K)
T = H - T?
PRINT 2000, T

20OO FORMAT (//5X*TTME TO CALCULATE SACK IS*FB.3,8H SECONDS/)
T2 = TIMELEFT(K)
YND = MINO(TDFMPR9ICXI)
DO 652 IL = 1,9DEM
LLP = Lt.

LL? = (.L-IP)/2
LS = P(LL/4)+S
LS = MINO(LSICXI)
DO 63 .JJ = l1InFM
JIJ = .IJ
JP = JJ-I-?*((JJ-1)/?)
JJ? = (J.J-JP)/2
JSN = JJ2 - 2*(JJ?/?)
AS = 2*(J.J/4)+10
JS = MTNO(JS, IDFMPT)
MN = MTNO(LP+*1JP+I)
MX = MAXO(IP*1,JP+1)
SL = SACKI(MX*(MN-1)*NDT-(MN*(MN-1))/2)
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IF (vX.FO.LP+I) GO TO 406 _
IF (?*((MX-MN)/P).NF.MX-MN) SL = -SL

406 RLIN = onnD. (.JJi)*SI ;T
R =?

TE = JS
405 no 694 K = IBRTF

KK = K-K'JP-1
PLI = QLIN
KL = KK*LP*ND1-((LP 1)*L.P)/2

654 RI-TN = nDLl(JiJK)*(-l)**(LP+I-KK)*SACKI(KL) - PLI
IF (ABSF((PLTRLTN)/RI.TKN).I.T.I.F-8) 401940?

402 IF (IE.LT.InFMPT) 403.404
404 PRINT 499.ll:.J..l
499 FORMAT (//?PX*NJ CONVFRGFNCE FOP INITIAL RLI*3X4HLL =13.3X4HJJ =

$T3)
STOP

403 TB = IF + I
IF = MINO(IR+59IDFMPT)
fO TO 405

401 IF (.JSN.EO.n) RI-TN = -RLIN
CXLTN = f)ll?(LLI)*PRLIN
18R =
TEE = LS
ISNCXL = 1

4?5 00 4?0 MS = IBRBIFF
MM = MS+MS+I.P-1
ML = MM*JP*NDI-((JP*1)*JP)/2
RLTN = DODL (J.J.1)*SACKI(ML)

18 = .
IE = JS

415 DO 697 K = IRBIF
KK = K+K+JP-1
QLI = RLIN
MN = MINO(MMKK)

MX = MAXO(MMKK)
SL = SACKI(MX*(MN-I)*NDI-(MN*(MN-1))/2)
IF (MX.FQ.MM) GO TO 657
IF (?*((MX-MN)/2).NF.MX-MN) SL = -SL

657 RLIN = DDLI(JJ.K)*SL - PLI
IF (ABSF((RLI+RLIN)/RLIN).LT.I.E-6) 4119412

412 IF (IE.l T.InEMPI)4139414
414 IF (ABSF((RLI+RLIN)/RLIN).LT.I.E-2)4119424
413 IB = IE + I

IF = MINO(i8+5,InFMPI)'
GO TO 415

411 IF (J)SN.EOF.0) RLIN = -RLIN
CXLI = CXLIN
ISNCXL = -ISNCXL

420 CXLIN = DDU2(LL.MS)*RLIN - CXLI
IF (A8SF((CXLI+CXLIN)/CXLIN).LT.I.E-6)421l422

422 IF (IFE.LT.ICXI )4?39424
423 IB8 = IFE + I

IEE = MINO(188*3,1CXI )
fO Tn 425

424 IF (ABSF((CXLI+CXLIN)/CXLIN).LT.1.E-2)421,426
421 IF (LL2.NE.2*(LL2/2))CXLIN = -CXLIN
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CXLIN = ISNCXL*CXLTN
653 STOPR(JJ) = CXLIN*1.E-205

GO TO 652
426 IF (LLL.GT.1) GO TO 430

IDEM = JJJ - 1
IDEM2 = 2*InEM
PRINT 495,LLLJJJ!OIEM

495 FORMAT (45Xl8HCXI IS 0 FOR LLI
$IOHInEM NOW =13/)
GO TO 652

430 DO 4?8 I = JJJI1EM
428 STORIM) = 0.

PRINT 497q1-LJJJiinEM
497 FORMAT (50X*CXI 1S 0 FOP LLL
652 WRITF(7) (STORI(JKL),JKL = I

IOFM? = 2*IDEM
TI = TIMFLEFT(K)
T = T2 - TI
PRINT 2001*TDEM*T

?nol FORMAT (/5X*TIME TO CALCULATE
$ONDS/)

T2 = TTMELFFT(K)
DO 449 I = i*IDFM
DO 469 J = 1,1CM

469 DD0i?(IJ) = I.F-250*DD?(2(IJ)
Do 449 J = 1,IMPR

449 DDLl(!,J) = I.E-250*DDLf19,J)
DO 462 LL = I,IDFM
LLL = LL
LP = LL-1-?*((LL-I)/2)
Ll? = (LL-IP)/2
LS =2*(LL/4)+
LS = MIN0(LSIDEMPP)
DO 463 JJ = IIDEM

- =13,2X5HJJJ = 13,2X

= *13,2XSHJJJ =13,3H TO 13)
. IDEM)

CXLIN FOR IDEM =*13.3H ISF8.3.8H SEC

.JJJ = JJ
JP = Jl-l-?*((JJ-l)/2)
Jii? = (.).)-.JP)/?
JSN = )J2 - 2*(JJ?/2)
JS = 2*(JJ/4)+8
JS = MTNn(JStInEMPR)
MN = MINO(IP+*1JP*1)
MX = MAXO(IP+19JP+I)
SK = SACKR(MX+(MN-l)*NDR-(MN*(MN-1))/2)
TF (MX.FQ.IP+I) 60 TO 436
IF f?*((MX-MN)/?).NF.MX-MN) SK = -SK

436 RLRN = nDLI(Jjgl)*SK
T1 = 2
IE = JS

435 Do 464 K = IBIF
KK = K+*KJP-1
PLR = RIRN
KL = KK+LP*NDR-((LP+])*LP)/?

464 RlRN = DDLI4.JK)*(1-)**(lP+*-KK)*SACKP(KL) - RLR
TF (ARSF((PI.R+RIPN)/RiPN).T.I.F-8) 431943?

432 IF (IF.LT.IDFMPR) 433,434
434 PRINT 4981-19JJ

64



NRL REPORT 7694

49R FORMAT (//20X*NO CONVFRGFNCE FOR INITIAL RL9*3X4HLL =13,3X4HJJ =
$13) ,

STOP
433 BR = IF + I

IF = MTNO(TR+5,lDEMPR)
GO TO 435

431 IF U.ISN.EO.n) PLRN = -PLRN
CXI QN = DDII?(I-Ll)*PRLRN
THR = 2
1FE = LS
ISNCXL = 1

455 DO 490 MS = 188R.FF
MM = MS+MS+IP-I
ML = MM+JP*NDR-((JP+l)*JP)/2
RLRN = DOtIi(.Jl)*SACKP(ML)
IR = ?
IF = JS

445 DO 467 K = TR8IE
KK = K+K+JP-1
RLR = RIRN
MN = MINO(MMKK)
MX = MAXO(MMKK)
SK = SACKR(mX+(MN-l)*NIDR-(MN*(MN-1))/2)
IF (MX.FO.MM) GO TO 467
IF (?*U(MX-MN)/2).NF.MX-MN) SK = -SK

467 RlRN = nDDl(JJK)*SK - RLR
IF (ABSF(RLR+RLRN)/RLRN).LT.I.F-6) 441,44?

44? IF fIE.lT.IOEMPR)443*444
444 IF (ARSF((PlR+RLRN)/RLRN).LT.1.E-2)4419454
443 18 = IE * I

IF = MINOUI8+591DEMPR)

GO TO 445
441 IF (lJSN.EQ.O) RLRN = -RLRN

CXLR = CXLRN
ISNCXL = -ISNCXL

450 CXLRN = DDtJ2(LL*MS)*RIRN - CXLR
IF (ABSF((CXLR+CXLRN)/CXLRN).LT.I.E-6) 4519452

452 IF (TEE.LT. IND )453,454
453 18 = TEE + I

TEE = MTNO(TB8+3,IND)
GO TO 455

454 IF (A8SF((CXLR+CXLRN)/CXLRN).LT.I.E-2)451,456
451 IF (LL2.NEoP*(LL2/2))CXLRN = -CXIRN

CXLQN .= ISNCXL*CXLRN
463 STOPR()J) = CXLRN

GO TO 462
456 DO 458 I = JJJIDEM
458 ST09R(I) = 0.

PRINT 496,LLLJJJ,1DEM
496 FORMAT (50X*CXR IS 0 FOR LlL = *13,2XSHJJJ =13.3H TO 13)
462 WRITE(8) (STORR(JKL).JKL = 1 ,IDEM)

TI = TIMELEFT(K)
T = T2 - TI
PRINT 2006DTnEMT

2006 FORMAT (/5X*TIME TO CALCULATE CXLRN FOR IDEM =*13,3H ISF8.3,8H SEC
sONDS/)
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CALL INTEGR(IDEM2?XS1,ETALIETAUlXlL1 FCT)
Do 869 .J = IIDEM
SIRLl(l) = 0.
KX = J-1 - 2*((.J-1)/2)
DO 869 I = iDnFm

869 SIRI1(J) = SIRLI(J) + nDLl(JtI)*XIL(2*I-1*KX)
CALI INTEGR(IDFM2,XS2,ETAL?,FTAIJ2?XIL,1lFBCT)
DO 871 J = I91DEM
SIRL?(J) = 0.
KX = J-1 -?((J-1)/2)

DO 871 1 = 1,IDFM
871 SIRLQ?(J) SIRL2(J) * DDU2(JI)*XIL(2*I-1+KX)

REWIND 7
REWIND 8
DO 790 1 = lInFM
OCS(T) = Rlnl(T)*RIF4(T)/RTD4(1)/XNML(l)

750 DCS(TDFM+I) = P2Dl(I)/R2D4(I)/XNML2(I)
DO 649 1 = 1,InEM
DO 649 J = .I9DFM

649 CX(I*J) = CX(I+IDFMgJ+!DFM) = (0.,0.)
DO 351 I = 1.InEM
PEAn (7) (STORI(ITI)II=1.IDEM)
READ (8) (STORRP(I)II=1=IDEM)
DO 391 J = 1,IDEM

351 CX(I+IDFMgJ) = CX(J*IDEM+I) = CMPLX(STOPR(J),STORI(J))
DO 393 1 = loIDEM
DO 353 J = IsIDFM
CX(TJ+TDEM) = CX(19J+TDEM)*2./XNMLI(I)

353 CX(TIIDFM,.J) = CX(T-IDFM9,J)*2./XNML?(I)
DO 7S1 I = 1l1DFM
TRS1(I) = TRS2(I) = (0.9O.)
DO 7S1 .1 = ,InDEM
TRSIl) = TRSIMI) * CX(JgIDEM+I)*RIFI(J)*STRLI(J)

751 TRS?(I) = TRS?(l) * CX(IDEM+JI)*R2F1(J)*STRL2(J)
DO 190 T = 1,TOFM
DO 30n J = 1.IDFM
CX(I.I+lDFM) = CX(CIJ+l!FM)*PlDlhI)/RlD4(I)

390 CX(I+IDFM9i) = CX(I+TDFMM,)*P2DI(])/P2D4(I)
no 806 1 = 1.TDFM2

806 CX(TIT) = CMPI-X(1.,0.)
T2 = TIMELFFT(K)
CALt CTNV(CX*TDFM2?60)
TI = TIMELFFT(K)
T T2 - TI
PRINT 915,IDEM2?T

915 FORMAT (/5X*TIMF TO INVFRT MATRIX OF STZE *12,4H IS F8.3,8H SECOND
$s)
WRITE (10) ((CX(I.J),I=1,IDEM2).J=JIDEM2)
PRINT S961

9961 FORMAT (//3PX*ACOtJSTIC IMPEDANCE CONTRIBUTIONS (FOR CONVERGENCE CH
$ECK)*/)
SIMPI = SIMP2 = STMP3 = SIMP4 = SIMP5 = SIMP6 = (0.,0.)
STMP7 = SIMP8 = SIMP9 = (0.,O.)
DO 7?2 J = 1,IDFM
SIMPI = SIMPI * RIFl(T)*RIF4(I)*SIRI.1(I)*SIRL1(I)/XNMLI(l)
SIMP4 = SIMP4 * RF1(T)*SIRL?(I)*TRS1(I)/XNML2(I)
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I.

SIMP7 = SIMP7 + R2FI(T)*P2F4(1)*SIRL2(1)*SIRL2(I)/XNML2(I) -
792 PRTNT 940, TqSIMPISIMP4SIHMP7
940 FORMAT (2X1395X7HSTMPI =C(E15.7,F15.7)q5X7HSIMP4 =C(E19.79E15.7), rs

$SX7HSIMP7 =C(E15.7.Fl5.7)) -
PRINT 5056

9096 FORMAT (//)
00 7S3 T = l1I1FM
SliM = SVM = (0.,0.)
nn 794 J = I IDEM
SUM = SlIM * CXCI.J)*DCS(J)*STRLI(J) * CX(IIDEM+J)*DCS(IOEM+J)

%*TRSI1()
SVM = SVM * CX(IJ)*lCS(J)/PIF4(J)*TRS2(J) * CX(IIDEM+J)

$*DCS(IDFM+J))*R2F4iJ)*S IR-?2(J)
754 CONTINUF

STMP? = SIMP? * PIF4(I)*SIQLl(I)*SUM
SIMPS = SIMPS * TRS2(I)*SUM
SIMP8 = SIMP8 * TRS2?()*SVM

793 PRINT 941, TqSIMP29SIMP9.SIMP8
941 FORMAT (2XI13SX7HSTMP2 =C(F15.7,E15.7)q5X7HSIMPS =C(El5.7,EI5.7),

$5X7HSIMP8 =C(E1.7,91I.7))
PRINT 5056
DO 755 1 = 1.IDEM
SUIM = SVM = (0.,O.)
DO 7S6 J = 1,IDEM
SUM = SliM * CX(I*IDEMJ)*DCS(J)*SRPLI(J) + CX(IDEM+IIDEM+J)

s*ncs (IDFM+J)*TRSI (J)
SVM = SVM * CX(I*IDEMJ)*DCS(J)/RIF4(J)*TRS2(J) + CX(IDEM+IIDEM+J
$)*DCS(TDFM+J)*R2F4(J)*STRL?(J))

756 CONTINUE
SIMP3 = SIMP3 + TRSI(I)*SUM
SIMP6 = SIMP6 * R2F4(1)*SIRL2(1)*SUM
SIMP9 = SIMP9 * R2F4(1)*SIRL2(1)*SVM

755 PRINT 942, ITSIMP39SIMP6,STMP9
942 FORMAT (2X13.SX7HSIMP3 =C(E15.7E15.7),5X7HSIMP6 =C(EI5.7,E1S.7),

$SX7HsIMP9 =C(E15.79F15.7))
SIMP3 = (SIMPI - SIMP2 - SIMP3)*SQRTF(EXEXI)*HS1**2/SPDINT(1)
SIM06 = (SIMP4 - SIMP5 - SIMP6)*SQRTF(EXEX2)*H52**2/SPDINT(1)
SIMP9 = (SIMP7-SIMP8-SIMP9)*SORTF(EXEX2)*HS2**2/SPDINT(2)
SIMP7 = SIMP6*SPDINT()Z/SPDINT(2)*(HSI/HS2)**2*SQRTF(EXEX1/EXEX2)
PIS = CA8S(SIMP3)
P1A = CANG(SIMP3)*180./PI
PISS = CABS(SIMP7)
P1AA = CANG(SIMP7)*180./PI
P2S = CABS(SIMP9)
P2A = CANG(SIMP9)*180./PI
P2SS = CABS(SIMP6)
P2AA = CANG(SIMP6)*180./PI
PRINT 5562

5562 FORMAT (/47X*NORMALIZFn ACOUSTIC RADIATION IMPEDANCES*/
$/42XIOHRESISTANCE5X9HRFACTANCE8X9HMAGNITUDF6X*PHASE ANGLE (DEGREES

PRINT 94351MP3,PISPlASIMP7,PISSgPIAASIMP9,P2SP2ASIlMP6,
$P2SSP2AA

943 FORMAT (34XSHZll =C(E13.59F15.5),5XE12.5,6XF9.3/34X
$5HZ21 =C(E13.5,E1S.5),5XE12.59,6XF9.3/34X
$5HZ?2 =C(E13.5.E15.5).5XEI?.9,6XF9.3/34X
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SSHZI? =C(E13.5,E15.5),9XF12.9,6XF9.3)
RFWTND 10
GO TO 810

830 READ (10) ((CX(TgJ),1=llnFM2),J=1,IDEM2)
DO RAO I = IvlDEM
nACS(I) = Sj(I)*R41(I)*DCS(T)/RlF4(l)

860 DACS(I*IDEM) = 52(1)*R4?(1)*DCS(IDEM*I)
DO 749 I = 19IDEM2
CTS(I) =. 0.,D.)
DO 749 J = 1.IDEM2

749 CTS(T) = CTS(I) + CX(IJ)*DACS(J)
SUM1 = SUM2 = STORI = STOP2 = (0.,0.)
REWIND 10
IF (TVFL1.FnOf) GO TO 731
ISP = 1
PRINT Q?5TSP

925 FORMAT (//3OX*ACOUSTIC PRESSURE CONTRIBUTIONS DUE TO SPHEROID*12,
S* (FOR CONVERGENCE CHECK)*/)

SMI = SM2 = SM3 = (O.,0.)
DO 872 1 = 1.IDEM
S;M = SMI * Sl(l)*RIF1(1)*R41l()*SIRL1(I)/XNML1(l)

872 PRINT 970, I.SMI
920 FORMAT (13X13,5X5HSM1 =C(E15.7.EIS.7))

PRINT 9056
DO 973 T = 1,IDEM

SM? = SM? * CTS(T)*RlF4(I)*SIRLI(I)
873 PRINT 9?l, TISM?
921 FORMAT (13XI3,9X5HSM2 =C(F5.7qF15.7))

PRrNT 5056
DO 874 1 = 1,IDFM
0M3 = SM3 + CTS(IDEM+I)*TRS1I()

874 PRINT 9?3,I.SM3
923 FORMAT (13XI3.5X5HSM3 =C(F15.7,FI5.7))

PRMITR = HSI**2*CFF*RHO*SORTF(EXFXI)*VELI
SUMI = (SMl - SM2 - SM3)*PRMLTR
PR5 = CARS(SOJMI)
PRA = CANG(SIJMI)*lRn./PI
IF (NFF.FO.1) GO TO 760
TSP = I
PRINT 924*TS>PSIJIM19PRSPRA

924 FORMAT (//19X*SPHFROID*I29* CONTRIBUTION TO THE ACOUSTIC PRESSURE
$(NTS/SQ11ARF METER) AT THF INPUT NEARFIELD POINT*//33X9HREAL PART3X
$14HYMAGINARY PARTlIX9HMAGNTT(JDE5X*PHASE ANGLE (DEGREES)*//30X
$C(F)3.5,E14.5),10XF13.S,5XF9.3)
fO TO 731

760 ISRT = TSBT + I
STORI = SIJMl*CMPLX(COSF(.5*ART),-SINF(.9*ART))
ANGI-F(ISRT) = AAR
ISRT = ISBT - 1

731 IF fIVEI2.EO.O) GO TO 732
TSP = ?
PRINT 925,TSP
SMI = SM2 = SM3 = (n.90.)
DO 879 1 = 1I1DEM
SMI = SMI * 52(T)*R?F1(I)*R4?(t)*SIRL2(I)/XNML?(T)

875 PRINT 92nTISMl
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,_

PRINT 5096
no A76 T 1,=IrFM 4-

SM? = SM? * CTS(T)*TPS?(I)
876 PRINT 9?1,I.5M?2

PRINT 5056
1(0 877 T = 1.TnFM.
S'M3 = SM3 + CTS(Y+ITFM)*R?F4(I)*SIRL?(T)

877 PRINT 9?3,TSMI
PRMI.TR = HSP**?*CFF'*RHO*SOPTF(FXEX?)*VFL?
SUM? = (SMI - SM2 - SM3)*PRMI TR
PRS = CARS (S1;M1?)
PRA = CANG(SliM?)*1An./PI
IF (NFF.FQ.I) fO TO 761
TSP = ?
PRINT 9?4,ISPpSUJM2?PRSoPRA

732 IF (NFF.Fa.1) GO TO 731
SIJMM = SUM) * SUM2
PRS = CAS(SqtMM)
PRA = CANG(SIJMM)*180./PI
PRINT 9?7.XCTYCT*ZCT.SIIMM,PRS,P9A

927 FORMAT (//IX*TOTAL ACOUSTIC PRFSSURF (NTS/SQUARE METER) AT THE IN
$PUr NFARFIELD POINT (*Fl;?,ilHFE2.951HFI2.9,1H)//33X9HREAL PART
$3X14HIMAGINARY PART11X9HMAGNTTUnFSX*PHASF ANGLF (DFGREES)*//30X
% (F) 3.S9F14.9) * lOXF 13.5,9XF9.3)
GO TO 810

761 TSBT = ISHT + I
STOP? = SlM?*CMPLX(COSF(.5*ART).-SINF(.5*ART))
ANGI-F(TSHT) = AAR
ISTT = ISHT - I

733 1S8T = ISRT + I
FF(ISRT) = STORI * STOR?
fO TO A10

723 IF (mFFF.F0.0) GO TO A11
DO 729 7 = ?,TSRT
FF(T) = FF(I)/FF(l)
FFA(T) = CANG(FF(f))*180./PI

7?5 FFMfT) = CARS(FF(T))
FFMI) = FFMf=) = 1.
PRINT 9?9

929 FORMAT (//53X*NORMAI I7FD FAPFIEIf) PRESSURF*//16X*ANfgLF (DEGRFES)*
$9X9HPEAI PART3X14HIMAGINARY PARTlIX9HMAGNITUDE5X
$*PHASE ANGLE (DEGREFS)*/)

930 FORMAT (2OXF7.2,1OXC(F13.5.F14.9) ,10XE13.5.5XF9.3)
PRINT 910, (ANGLF(i),FF(I),FFM(T),FFA(T),I=1,ISRT)
IF (IFF.FO.2) GO TO 810

811 ONTTNUF
STOP
END
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JURPOUOTINF CINV(RNSNn)
TYPF COMPLEX RHn
DIMFNSTON R( ND. ).1(i00) .M(00)
DO 1 J = IdN'S
no I I = 1INS

I R(T+lS*(J-i)) = R(I*Nn*(j-i))
CALI. MTNC(BNSND90.LM)
no ? J.J = 19NS
J NS+]-JiJ
Do 2 IT = 1,NS
T = NS+]-TI

2 R(T+ND*(J-1)) = P(T+NS*(J-I))
RETi.JRN
ENn
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SUBROUTINE MINC(AvNNDDLM)
TYPE COMPLEX ADBIGARIGATHOLDH
EQIITVAtLFNCE(R*C)
DIMENSION C(2)tCI(2)
FQUIVALFNCF (BlGA9Cl)
DIMFNSION A(ND1)gL(1)gM(1)
D= (1.0,0.0)
NK = -N
DO 8n K=1,N
NK = NK-N
L(K) = K
M(K) = K
KK = NK+K
RIGA = A(KK)
BIGAT = (l.nO.O)/BIGA
J=L (K)
TF(J-K) 35.35,25

25 KI = K-N
DO 3n T=1,N
Kr = Kl-N
HOLD = -A(KI)
Jl = Kl -K+J
A(K!)=A(JI)

30 AfJT) = HOLD
35 I=M(K)

JF(I-K) 45945.38
38 JP= NI*(T-1)

DO 40 J=1,N
JK = NK+J
Jil = JP+J
HOLfn = -A( iK)
A(,JK) A(.I)

40 A(JT) = HOLD
45 TF(CI(I).EQ.O..AND.C1(?).EO.0.)46,48
46 D= 0.0

RETURN
48 no 9s T=1.N

IF(T-K) 50,95,50
50 IK = NK + I

A(IK) = -8IGAI*A(IK)
55 CONTTNUJF

Do 69 1=19N
IK = NK+I
HOLO = A(TK)

IJ = I-N
DO 69 3J=1IN
IJ = Ii.+N
IF(T.EO.K.OR.J.FO.K) GO TO 65

62 KJ = I -I *K
A(lIJ) = HOI D*A(KJ) + AM(I)

65 CONTTNUF
KJ = K-N
no 7s .J=1IN
KJ = KJ + N
IF(J-K) 70,7S,70

70 A (KA) = RTGAI*A (K.J)

4=
:a

(-

4-

4-,

4="

O-

75 CONTTNtJF
n = n*BITA
A(KK) = RIGAI

O CONTTNIIF
190 FTIIRN

F~n
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SURROUTINE FTGEN(AVALUNNIANORM1,ANORM2)
DIMFNSION A(80,A0),VALU(80) ,DIAfG(80),Q(80),VALL(89)
NN=N-2
DO 160 1=1.NN
I I=*2
Do 160 J=II,N
T1=A(II*l)
T2=A (I *J)
IF(T?.EQ.0.) GO TO 160
T= ./SORT CTI*Tl+T2*T2)
SIN=T2*T
COS=TI*T
DO 105 K=I 9
T2=COS*A(Koll)+SIN*A(KJ)
A(KgJ)=COS*A(Kgj)-SIN*A(KgI*1)

105 A(K*TI)=T2
DO 125 K=IN
T2=COS*A(I+ 1K) SIN*A (,1K)
A( C*K)=COS*A(JgK)-SYN*ACI+]gK)

125 A(T+1*K)=T2
160 CONTINUF

D011=1 ,N
D1G (I)=A(CoI)
0(T)=A (1,1-1)*A(C 1,-1)
VALII (I)=ANORMI

15 VALII(I)=ANORM2
1=1
MATCH = N

18 TAMl=(VALL(I)+VALIJ(I))/?.
IF (MATCH.NE.I-1) LATCH = MATCH
MATCH = 0

TO=O.
Tl1 .F-100
DO?n.J=1 .N
T2=(ITAr(J)-TAU.)*TI-(QJ)*T0
TF((TI.NF.0.).AND.C(T2*Tl).LF.O.)) MATCH=MATCH+l
TO=TI

20 TI=T?
DOqK=I .MATCH

25 VALIJ (K) =TAIJ
NATCH=MATCH*l
DO 30 K=NATCHLATCH

30 IF(TAlU.ST.V4LL(K)) VAL.L(K)=TAIJ
40 IFU(VAI-U(T)-VAII(.I)).GT.C(I.E-4)) GO TO 18

1=1+1
MATCH = N
IF(T.LF.Nl) GO TO 40
FND
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SUBROUTINE INTEGR(LNTSIETA1,ETA2,AINCFBCT)
TYPE DOUBLE AARGBARGBETACEFETAIETA2,EACTFARGESCTRTSUM1,

IRTSUM2,SUMTS1 ,TSISOWXYYSZEBCTSMM
DIMENSION A(1),ARG(96),BARG(96),CEF(96),FARG(96),SUM(80)tW(96),

IX(96) ,Y(96) ,YS(96) ,ZC9b) ,FCTC300) ,SMM(80)
COMMON/BLKI1/FACT (300)
DATA CX= -0.0 16276744849602969579D0000,
*-0,04881298513604973111209

* ~-0.0812974954644255589940O000,
* ~-0.113695850110665920911D000,
* ~-0*145973714b54896941989DO000,

*-0. 178096882367618602759DO000,-0.210031310460567203603D000,
*-0,241743156163840012328D0000-0.2731988125910491414870000,
*-0J.304364944354496353024D0000 -0.33520852289Ž625422616D0000
*-0.365696861472313635031DO000,-0.395797649828908603285D0000
*-0O.425478988407300545365D0000-0.454709422167743008636D000,
*-0.483457973920596359768D000-0,*511694177154667673586D0000
*-0 .5393881 08324357436227D0000-0.56651041856139716840400009
*-0, 593032364777572080684D0000-0 .618925840125468570386DO~u,
*-Oe 644163403784967 10b79800009
*-0.668718310043916153953D000,-O.692564536642171561344DO000,
*-03.715676812348967626225D0000-0.738030643744400132851D00o,
*-O '7596023411766414987030000,-0.7803690438b 1433217604D0000
*-0.8003087441391408l11229D000,-0.819400310737931675539D00U,
*-0.837623511228187121494D0O,-0.85495903343460145546300009
*-0.871388505909296502874D000,-Oo886894517402420416057D0009,
*-o90l460635315852341319DO00,-0,915071423120898074206D000,
*-0 .927712456722308690965D000-0,.93937033975e755216932D000,
*-0.950032717784437635756DO00 ,-O.959688291448742539300D000,
*-0.9683268284b3264212174DO00-0 ,O975939174585136466453Doou,
*-0.982517263563014677447D00,-0.988054126329623799481D00(J

*099254390 032376262457200 00 ,-0 *99598 18'4298720929065 OD00u ,
*-0 .998364375863181677724D000,-0.999689503883230766828DO00)
DATA (W=0.*0325506144923631662420, 0. 32516118713868835987D,

*0 0 32447 1637 14 064269364D 0. 0323438225685759284290,
*0 * 32206204794030250669D,0 . 020344562319926632180,
*0.031,8287588944110U6535D,0.03l5893307707271685580,
*0. 0313 164255968613558 13D0,0.0310103325863138374230,
*0.030671376123669149014D,0.030299915420827593794D,
*0 *029896344136328385984D,0.0294610899581679059700,
*0 *028994b614150555236543D,0 * 284974110650853856460,
*0.02797000 7616848334440D,0.027412962726029242823D,
*0.026826866725591762198D,0.026212340735672413913D,
*0.*025570 0360 0534936 1499D,0 .02490 06332224836102880,
*0 * 242 04841792364691282D0,0.0234833990859262198420,
*0 .022?370696583293740010D0 o02l966644438744349195D,
*0.*021172939892 1912989880, 902035b797 154333324595D,
*0.0195190811401450224100, 0*018b666796274114673850,
*0.01 778250231604526083BD0,00168854798642451 124500,
*0.0 159 70 562902562Ž9 138 ID, 0 .05038 7210269949380 060,
*0.0140909417723148609lbD,0.0131282295669615 126370,
*0 .0 121516046710883 19635D,0.011162102 0998384985910,q
*0.01016077053500841515BD0,0009148671230783386633D,
*0. 0081268 76925698759e17D ,0. 00 70964707911538652690,
*U.006058545504235961b83D,0.00501420274292 15176930,
*0.003964554338444686674D,0.00291073181793494640809
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*0.001853960788946921732DO.0007967920655520124290)
IFL = 0
LNMI = LN - 1
DO 51=1,48
X (48*I) =-X CI)

5 W(1+48)=W(I)
DO 1 1 = 1,80

1 SMM(I) = O-D
TSISQ=ISI*TSI
IF (ETA2*ETAI.LT.0.D.AND.TSI.EO.O.0) GO TO 2
RTSUM1=0.50*(ETA2-ETAl)
RTSLJM2=0.5D*(ETA1+ETA2)
GO TO 3

2 RTSUM1 = -. 5D*ETAl
RTSUM2 = -RTSUM1
IFL = 1

3 A(1)=O.D
A(2)=O.D
D0630 1=1,96
Y(l)=RTSUM1*X(1)+RTSUM2
YS(I)=Y(1)*Y(I)
Z(1)=DSQRT((I.D)-YS(I))
CEF(I)=W(CI) *SRT(TSISQ+YS(I))*RTSUM1
A(1)=A(1)+CEF(I)
A(2)=A(2)+CEFF(I)*Y(I)
8ARG(I)=U.D
FARG(I)=1.D

630 ARG(I)=Y(I)
SUM(1)=A(1)
SUM(2)=A(2)
SMM(I) = SMM(I) + SUM(1)
SMM(2) = SMM(2) + SUM(2)
A(1) = SMM(1)
A(2) = SMM(?)
DO 650 L = 3,LN
SUM(L) = U.D
00651 1=1,96
BARG(I)=BARG(I)*Y(I)+FARG(I)*Z(I)
FARG(I)=ARG(I)
ARGCI)=ARG(I)*Y(I)-BARG(l)*Z(I)

651 SUM(L) = SUM(L)+ARG(I)*CEF(I)
650 SMM(L) = SMM(L) + SUM(L)

IF (IFL.*E.O) GO TO 631
RTSUMI = RTSUM2 = .5D*ETA2
IFL = 0
GO TO 3

631 00 680 N = 2,LNM1,lNC
LIMIT=N/2
A(N+*)=(FBCT(N+N)/FBCT(N))/(2.D*FACT(N+O))*SMM(N+4)
DO 660 L=1.LIMIl
BETA=(FACT(L+L)/(FACf(L)*FACT(L+1)*FACC(N-L+1)))
1*(FBCT(N+N-L-L)/FBCT(N-L))

IF((2*L).EE.N) BETA=.5D*BErA
660 A(N*I)=A(N+1)+BETA*SMM(N-L-L+1)
680 A(N+1)=0.5D**(N+N-3)*A(N+1)

END
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SSUBROUTINE POLY(QNqARGPvFRCT)
TYPF DO1BLE FACTFBCTPA'4GLFTFRMS1JMARGGSY
DIMFNSTON PC125),Y(150),FRCT(3n0)
COMMON/RLKj/FACT(30n)
II = 0
M 0
IF (DARS(l.n0-ARG).LT.1.D-10) ARG = 1.D
ANGLF = DATAN2(DSORT(I.DO - ARG*ARG),ARG)
LNN=LN+1
LDN = LN *
nO ? N = 19LNN

P(N) = 0.0
2 Y(N) = nCOS((N-1)*ANilF)

MM = I
N2 = 2
IF ((ANGLF.NE.O.).AND.((ANGLE.LT.3.1415926).OR.(ANGLE.GT.3.1415926

19))) GO TO 6
ARfG = I.
DO 9 N=1,LNN

5 P(N)= I.D
IFC ANGLE .EQ.0) GO TO 14
Do 4 N=?gLNN,2

4 P(N)=-P(N)
GO TO 14

6 IF U(ANGLE.LT.1.570796320).OR.(ANGLE.GT.I.570796329))GO TO 10
ARG = 0.

3 PMl) 1.D
Do 7 N = ?*INg?
P(N+1) = FACT(N)/(FACT(N/?)*FACT(N/2*1)*2.D**(N-1))

7 IF f?*((N-M)/4).NF.(N-M)/2) P(N*I)=-P(N+1)
GO TO 14

10 P(MM) = 1.0
11 DO 13 N=MM,LN

S = n.D
IN = (N-M-1)/2
DO l? l = ITlN

12 S = S+FACT(2*M+2**1+)*F8CT(2*N-2*I*1)*Y(N-M-2*1+1)/(2.D**
I(M+N)*FBCT(N-1T1)*FACT(MM+{)*FACT(1I1)*FACT(N-M-1l))
P(N+1) = S/2.**(N-1)

13 IF (?*((M+N)/2).Fa.m+N) P(N+l)=P(N+1)+(FACT(N+*)/
I(FACT((N+M)/2?1)*FACT((N-M)/2+1)))**2/(FACT(2*M+1)*2*.**(2*N-M))

14 RETUIRN
END
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SUBROUTINE OLEG(MLNX,0)
DIMENSION Q(200)
COMMON/BLKl/FACT(3n0)
TYPF DOIJRLF BFCOEFDltDKDM.DNFACTGAOStMTERMXtXAYAZZA
nM=M
NN=O
YA=nSORT (X*X+I .n)
ZA=(YA+X)*(YA+X)
XA=0.2SD*(YA+X)
Z=?.n/ (YA+X)
LNM=I N+1
DO 135 N=NNLNM
DN=N
BE=nN+l.0
GA=nN+1.5D
IF(N.GT.84) GO TO 5no
COFF=Z*XA**(-N)*(FACT(N+I) /FACT(N+N+2) *FACT(N+1))
GO Tn 510

500 COFF=Z*XA**(-N)*(FACT(N+I) *(I.D-300)*FACT(N+*)/FACT(N*N+2))
910 SUM=TERM=I.D

DK=-1 .n
130 DK=nK+1.D

lF(nK.GT.50n0.) GO TO 135

131 TERM=-TFRM*(I)K*.5D)*(BE*DK)/((DK*1.0)*7A*(GA+DK))
StIM= SU M+TEPM
lF(ARS(TFRM/SIJM).GT.l.F-?3) GO TO 130

135 O(N+1)=-COFF*SLJM
DO 30 1=1,M
DI=I
no 30 N=NN.IN
DN=N

30 O(N+1)=-((nI+nN)*X*O(N+*)*(DN-DI+2.D)*Q(N+2))/YA
Do 40 N=NNLN
TF((C?*((N+1)/4)).NF.((N+1)/2)) O(N+l)=-O(N+I)

40 IF(?*(N/?).NE.N) QN+I)=-O(N+I)
FNn
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SUll8OUTINE SBESF(XHLJqPAY)
DIMENSION RAY(290)
TYPF DOUBLE CPFACTRAYtSUMTERM,TKTMtXHXIZ2H
COMMON/RLKI/FACT(300)
L = 0

I IF (XH.GE..4D) GO TO 4
72H=XH*XH/2.D
DO 3 N=L.LJ
TM=FACT(N+l)*(XH *XH)**N/FACT(N+N+2)
IF(N.GT.84) TM=TM*1.D-300
IF(TM.EO.0.n) GO TO 8
SUM=1 .D
TERM = 1.D
DO 2 i=1950
XI=T*(N+N*I1I+1)
TERM=-TFRM*7?H/XI
SUM = SlIM * TERM

2 IF(DA8S(TERM/SUM).LT.1.D-26) GO TO 3
3 PAY(Nvl) =TM*SUM

RETIJRN
4 N=170

IF(XH.LT.I00.D) GO TO 20
QAY(1)=DSIN(XH)/XH
9AY(?)=(RAY(l)-DCOS(XHf)/XH
no 11 K=19LJ

11 RAY(K*2)=(K+K+I)*RAY(K*1)/XH-RAY(K)
RETURN

20 TF(XH.GT.10.D) N=210
RAY(N* 1)=1.0-250
RAY(N+?) =o.n
I = -N
M = -1
DO 5 KK=IM
K -KK
TK=K+K*1

5 RAY(K)=TK*PAY(K*1)/XH-RAY(K*?)
CP=nSIN(XH)/(XH*PAY(l))
IF(nSIN(XH).LT.1.D-2) CP=(DSIN(XH)/XH-DCnS(XH))/(XH*RAY(2))
no 6 L=19Li

6 RAY(L)=CP*PAY(L)
8 no 9 J=N.Li
9 RAY(.+1)=0.I)
FND

SURPOUTINF SPHYN(XNARR)
DIMENSInON APQ(?90)
TYPF DOUBHLE X.AQRPTKP1
AP9(1)=-f)COS(X)/X
ARR(?)=ARR(l)/X-nslN(X)/X
Do ? K=1.N
TKPI=K+K+l

2 ARR(K+2)=TKPI*ARP(K+1)/X-APR(K)
END
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Appendix C

SAMPLE INPUT AND OUTPUT FROM OSPRDS

INPUT

1 D

. 5

10 40 20
2.
1.

4.
1 1.
1 1.
1
0.
1

90.
2
0

180.
180.

Of
0.

2.
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OUTPUT ACOUSTIC RADIATION FROM TWO ORLATE SPHEROIDS

SHAPf PADAMETFP XI ACOIISTIC S17F PARAMFTER H

SPHFROID I
SPHEROID 2

I.000onn
0.90o0oo

2.0noooo
I .0000o0

SEPARATION PAPAMETER

ALPHA = 4.000000

LOWFR AND IJPPER LIMITS (tN DEGREES) OF VIRRATING RANnS

SPHEROID I
SPHEROID 2

LOWER

IR0.000

UPPER

0.000
0.000

NnPMAL VFlOCITY (IN M/SFC) OF VIRRATING RANDS

REAL IMAGINARY MAGNITUDF PHASE ANGLF (DEGREES)

SPHEROID I
SPHEROID ?

I.no0 -0.noo
1.n00 -0.000

1.000
1.000

0.000
0.000

SUMMATION PARAMFTFRS

IDFM = 10 InFMPI = 40 TDFMPR = 20

TIME TO CALCUILATF S5CK IS 19.93A SFCONDS

TIME TO CALCOLATF CYI.IN FOR nFM = 10 IS 4.408 SECONDS

TIME TO CALCULATE CXIRN FOR IDFM = 10 IS ?.809 SECONDS

TIME TO INVERT MATRIX OF SIZE 20 IS 1.703 SECONDS

ACOUSTIC IMPEDANCE CONTRIBUTIONS (FOR CONVERGENCE CHECK)

I SIMPI =
2 SIMPI =
3 SIMPI =
4 SIMPI =
s SIMPI =
6 SIMPI =
7 SIMPI =
A SIMPI =
9 SIMPI =

10 SIMPI =

I .4522?RO-001
I.4522?80-001

.469qO60-0o1

1.4699060-001
I .469907?-001

1.4699072-nol
1.469907?-001
1.4699072-001
1.4699072-0o0
1.469q072-001

-1.9119P36-001

-I .R7986A-001
-I.q7Q6908-001-I .8785030-00 1
-1.8785930-001-1.87R8593n-00
-1.8785929;-001-I .R789Q2S-oOl

-1 .P78Sq2S-0nI
-I .978592s_-001

SIMP4 =
SIMP4 =
SIMP4 =

SIMP4 =
SMP4 =
SIMP4 =
SIMP4 =
SIMP4 =

SIMP4 =
SIMP4 =

7.4569529-00? -?.9625104-002
7.4969S?9-002 -2.9625104-002
7.3537677-002 -2.8696971-00?
7.3537677-00? -?.8696971-002
7.3537754-00? -?.A694S95-00?
7.3537754-002 -?.869495s-002
7.1537756-00? -?.8694S95-O02
7.3537756-002 -?.8694595-002
7.3537756-00? -?.8694S95-00?
7.3537756-002 -2.8694595-002

SIMP7
SIMP7
SIMP7
SIMP7
SIMP7
SMP7
SIMP7
S5MP7
SIP7
SIMP7

= 8.2254194-001
= 8.?P54194-001
= 8.2260930-001
= 8.?260930-001
= 8.7?60910-001
= 8.?260930-00l
= 8.2260Q30-001
= 8.??60930-001
= 8.2260930-001
= 8.2260930-O0

Di -ii SS vi 3i

6.61296ss-001
6.6l?9655-001
6.70950R-00 1
6.7095088-001
6.71051R7-001
6.7106187-001
6.7105400-001
6.7105400-001
6.7105409-001
6.7105409-001



= -1.9778769-001 -3.1727536-001
= -1.9778769-001 -3.1727S36-001
= -2.0001192-001 -3.1819350-001
= -2.0001192-001 -3.1819350-001
= -2.0000645-001 -3.1819812-001
= -2.0000645-onl -3.1819812-001
= -2.0000644-001 -3.1819819-001
= -2.0000644-001 -3.1B19R19-001
= -2.0000644-001 -3.1819R19-001
= -2.0000644-001 -3.1819R19-001

SIMPS =
SIMPS =
SIMPS =
S5MPS =
SIMP5 =
SIMPS =
SIMPS =
SIMP5 =
SIMPS =
SIMPS =

4.1120634-003 -1.0639421-001
4.1787925-003 -1.0640959-001
2.7119211-003 -9.9407364-002
2.6764570-003 -1.0008250-001
2.7600485-003 -1.0014799-001
2.7536541-003 -1.0014255-001
2.7527?46-003 -1.0014297-001
2.7527311-003 -1.0014299-001
2.7527324-003 -1.0014299-001
2.7527324-003 -1.0014299-001

SIMP8
SI MRS
SIMP8
SIMP8
SIMP8
SIMPS
SIMP8
SI MP8
SIMPA
S114P8

= 1.8198716-002
= 1.7619066-002
= 3.3037704-002
= 2.4286124-002
= 2.45555RS-002
= 2.4679058-002
= 2.4675591-002
= 2.4675218-002
= 2.4675209-002
= 2.4675209-002

-1.8803930-002
-1.9549234-002
-1.7936790-002
-1.3377959-002
-1.4906135-002
-1.4844630-002
-1.4837124-002
-1.4837149-002
-1.4837161-002
-1.4837161-002

7.4292797-004 -1.2140386-003
9.4291474-004 -4.9400009-003
9.9487897-004 -4.7647486-003
9.9014513-004 -4.7A77790-003
9.902067R-004 -4.767R052-003
9.9020681-004 -4.7678047-003
9.9020681-04 -4.7678047-003
9.9020681-004 -4.7678047-003
9.9020681-004 -4.7678047-003
9.9020681-004 -4.7678047-003

SIMP6 =
SIMP6 =
SIMP6 =
SIMP6 =
SIMP6 =
SIMP6 =
SIMP6 =
SIMP6 =
SIMP6 =
SIMP6 =

1.8710779-002
1.8710779-00?
1.9862718-002
1.9R62718-002
1.9865372-002
1.9865372-002
1.9865372-002
1.9865372-002
1.9R6S372-002
1.9865372-002

6.3037572-004
6.3037572-004
1.1688905-003
1.1688905-003
1.1678646-003
1.1678646-003
1.1678620-003
1.1678620-003
.1678620-003
1.1678620-003

SIMP9 =
SIMP9 =
SIP9 =
SIMP9 =
SIMP9 =
SIMP9 =
SIMP9 =
SIMP9. =
SIMP9 =
SIMP9 =

1.9123912-001
1.9123912-001
1.9088660-001
1.9088660-001
1.9088684-001
1.9088684-001
1.9088684-001
1.9088684-001
1.9088684-001
1.9088684-001

-8.9916783-003
-8.9916783-003
-1.5527726-002
-1.5527726-002
-1.5616264-002
-1.5616264-002
-1.5618252-002
-1.5618252-002
-1.5618337-002
-1.5618337-002

NORMALIZED ACO(JSTIC RADIATION IMPEDANCES

RESISTANCE REACTANCE

Z11 = 8.52641-001
Z21 = 1.94764-001

0C Z?2 = 4.58909-001
0 Z12 = 2.47997-002

3.32934-001
?.68818-001
5.30319-001
3.42?92-002

MAGNITUDE PHASE ANGLE (DEGREESI

9.15337-001
3.31958-001
7.01310-001
4.2?689-002

21.329
54.076
49.129
54.076

FAR FELn ANGLE = 0.00 DFGRFES

ACOUSTIC PRESSURE CONTRIUTIONS DUE TO SPHEROID I (FOR CONVERGENCE CHECK)

I SMI = 0.0000000+000
2 SMI = -7.6478522-026
3 SMI = -7.6478522-026
4 SMI = -5.7562131-026
S SMI = -S.256?131-026
6 SMI = -5.6351147-026
7 SMI = -5.6351147-026
8 SMI = -5.6168851-026
9 SMI = -5.6168851-026
10 SMI = -5.617?360-026

1 SM2 =
2 SM2 =
3 SM2 =
4 S42 =
5 SM2 =
6 SM2 =
7 SM2 =
8 SM? =
9 SM2 =

10 SM2 =

6.1285108-001
6.1285108-001
5.8761348-001
S.8761348-001
5.8764433-001
5.8764433-001
5.8764473-001
5.8764473-001
5.8764423-001
5.8764423-001

4.0141061-001
4.0141061-001
4.6643571-001
4.6643571-001
4.6570470-001
4.6970470-001
4.6570123-001
4.6570123-001
4.6570122-001
4.6570122-001

2.0364278-001
2.0364278-001
1.7848963-001
1.7848963-001
1.791S424-001
1.7915424-001
1.791I737-001
1.7915737-001
1.7915738-001
1.7915738-001

I SIMP2
2 SIMP2
3 SIMP2
4 SIMP2
S SIMP2
6 SIMP2
7 SMP2
R SIMP2
9 SIMP2
10 SIMP2

I SIMP3 =
2 SIMP3 =
3 SIMP3 =
4 SIMP3 =
5 SIMP3 =
6 SIMP3 =
7 SIMP3 =
8 SIMP3 =
9 SIMP3 =
10 SIMP3 =

r,
z0
z
t�
-lel

t
w

m
tilz



I sM3 = -1.3003431-003
2 SM3 = -1.6422078-002
3 S143 = -1.7144656-002
4 SM3 = -1.7171689-00?
5 SM3 = -1.717?342-002
6 5M3 = -1.717234S-00?
7 SM3 = -1.7172345-00?
8 5M3 = -1.7172345-OO?
9 SM3 = -1.7172345-00?
10 SM3 = -1.717?345-00?

1.1650979-002
-4.8935799-003
-6.3524698-003
-6.3680704-003
-6.3681092-003
-6.3681082-003
-6.3681082-003
-6.3681082-003
-6.3681082-003
-6.3681082-003

ACOUSTIC PRFSSURF CONTRIRUTIONS DUE TO SPHEROID 2 (FOR CONVERGENCE CHECK)

I SMI = -7.0747621-001
2 SMI = -7.0747621-001
3 1M4 = -6.9461353-001
4 SMl = -6.9463353-001
S SMI = -6.9460877-001
6 SMI = -6.9460877-001
7 SMI = -6.9460875-001
8 SMI = -6.946087S-001
9 SMI = -6.9460875-001

10 SMI = -6.9460875-001

1 SM2 = 1.1187352-001
2 SM2 = 1.178?502-001
3 SM2 = 5.811R081-002
4 SM2 = 8.2730662-002
S SM2 = 8.?81R935-00?
6 5M2 = 8.?332969-002
7 SM2 = 8.2380546-00?
8 SM2 = 8.2379106-00?
9 SM2 = 8.237907R-002
10 SM2 = 8.2379079-002

I SM3 = -1.4176702-001
2 SM3 = -1.4176702-001
3 SM3 = -1.9269497-001
4 SM3 = -1.9269497-001
5 SM3 = -1.927?265-001
6 SM3 = -1.927?265-001
7 SM3 = -1.5272268-001
8 SM3 = -1.527226q-001
9 SM3 = -1.5?7??26-001
10 SM3 = -1.5272268-001

-1.0404503-001
-1.0404503-001
-1.0215633-001
-1.0215633-001
-I.O215268-001
-1.0215268-001
-1.0215268-001
-1.0215268-001
-1.0215268-001
-1.0215268-001

1.4997320-001
1.4311626-001
2.3n62603-001
1.7007108-001
1.7993974-001
1.7929083-001
1.7925947-001
1.7926094-001
1.7926088-001
1.7926088-001

6.0663438-002
6.0663438-002
S.7689831-002
5.7689R31-002
5.7687277-002
5.7687277-002
5.7687280-002
5.7687280-002
5.7687280-00?
5.7687280-002

z

it-0

Aj

aii iiss 3-n



FAR FIELD ANGLE = 90.00 nFGREFs

ACOUSTIC PRESSURE CONTRIRUTIONS DUE TO SPHEROID I (FOR CONVERGENCE CHECK)

0.0000000.000
o.ooo00oo.oo0
0.0000000*000
0.0000noo-oon
0.o00000000-o
n.oo0nono0o0 o
0.ooonooo0 ooo
0.00000on-nnn
0. 0000000000
0.0000nooo000

2.92?2881-001
2.9228819-001
3.0633277-001
3.0633277-001
3.0633230-001
3. 633?30-001
3.0633236-001
3.0633236-001
3.0633?36-001
3.0633236-001

2.0207722-001
2.0n07722-001
1.6566730-001
I.AS66730-001
1.6538S60-001
I.6S38560-001
1.6s3s670-001
1.6s38670-001
1.6s38670-001
0.653A670-001

I?.29?213-001
1.?292213-001
1.3694430-001
1.3694430-000
1.3722096-001
1.3722096-001
I .3722000-001
1.172P000-001
1.372?000-001
1.3722000-001

8.0329421-003 -7.0261192-004
9.2160926-003 2.3492785-003
9.6193383-003 1.7729575-003
9.6237970-003 1.7739774-003 Z
9.6237626-003 1.7742053-003
9.6237626-003 1.7742050-003
9.6237626-003 1.7742050-003
9.6237626-003 1.77420S0-003
9.6237626-003 1.7742050-003
9.6237626-003 1.77420SO-003

ACOUSTIC PRESSURE CONTRIBUTIONS DUE TO SPHEROID 2 (FOR CONVERGENCE CHECK)

-6.3894038-021
-6.3894038-021
-6.4598003-021
-6.4598001-021
-6.4597004-021
-6.4597004-021
-6.4997005-021
-6.4597005-021
-6.4597005-021
-6.4597005-021

6.0426467-001
6.0426467-001
6.1092227-001
6.1n92227-001
6.1091282-001
6.1091282-001
6.l19l2A3-001
6.1091283-001
6.1091283-001
6.1091283-001

I SMI =
2 SMI =
3 SMI =
4 SMI =
s SMI =
6 SMI =
7 SMI=
8 SMI =
9 SMI=

10 SMI =

I SM2 =
2 SM2 =
3 SM2 =
4 SM2 =
S SM2 =
6 SM2 =
7 SM7 =
8 SM2 =
9 SM7 =

I 0 SM2 =

I SM3 =
2 5143=
3 SM3 =
4 SM3 =
s SM3 =
6 1M3 =
7 CM3 =
8 SM3 =
9 sM3 =
10 SM3 =

I SMI =
2 SMI =
3 SMl =
4 5MI =
s SMI =
6 SMI =
7 SMI =
8 qM1 =
9 SMI =

10 ,Ml =

z
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I S42 = -1.1137090-001
2 cM2 = -1.113705n-001
3 SM? = -1.06n60?7-n0l
4 S5t2 = -1.n6n60o7-001

5 SM2 = -l.059679q-noj
6 SM2 = -l.ns96758-qn1

7 5M? = -1.ns96767-Ont

R qM? = -1.0996767-00Y
9 SM? = -1.0596767-0O0

10 S1M2 = -1.0596767-nOl

I SM3 = -4.7614303-004
? SM3 = -s.9509130-004
3 5143 = -7.7920986-n04
4 qM3 = -7.701A40-,064
s 1M3 = -7.7nossn7-n04
6 sM3 = -7.7010066-004
7 SM3 = -7.701006R-On4
8 qM3 = -7.7010o0S-n04
9 5M3 = -7.7nIn068-004

10 SM3 = -7.70ln068-064

SPHFPOID I CONTRIRIlTIOn TO THE ACnOUSTIC PRFSSURE (NTS/SQUARE METER) AT THE INPUT NFARFIELD POINT

OFAL PART IMAGINARY PART

9.4796.-n04 -1.13328A006

MAGNITUDE PHASE ANGLE (DEGREES)

1.13460-006 -87.230

1 S514 =

2 SMI =
3 SM1 =
4 SMI =
S SMI =

6 1MI =
7 SMi =
A SMI =
9 IMI1=

10 SMI =

ACOUSTIC PPFSSURE CONTPIBUTIoNS DUF Tn 'SPHEROIn 2 (FOR CONVERGENCE CHECK)

-1.412821?-001 -1.0350546-001
-1.41?R212-001 -1.n350546-001
-1.377s7R4-001 -1.0379287-001
-1.3779784-001 -1.0379287-001
-1.3?78plo5-0n -1.n380270-00!
-1.37flnOS-001 -I.n3RO?70_-O
-1.378n0o0-ool -1.038O216-001
-1.378A105-001 -1.0380216-001
-1.37R01s-o00_ -1.n38nl6-0nI
-l.3780j05-00l -I.03POP16-001

I SM2 = -4.21?4395-O07 S.5993395-O03
2 SM? = -4.?04S361-007 7.1441089-003
3 SM2 = -6.s9s743s-no7 -4.4435184-003
4 SM2 = -4.s77737s-nn7 -1.3716066-on2
S qM2 = -4.AS18657-007 -9.9661024-003
6 SM2 = -4.8851574-00? -9.6624o08-nO3
7 CM2 = -4.8901873-00? -9.6684562-003
8 SM2 = -4.80OS80-on7 -9.6720808-003
9 SM2 = -4.8906020-002 -9.6725845-003

10 SM? = -4.8906020-0O0 -9.6726405-003

9.9311624-002
9.93116?4-002
9.?127994-00?

9.?122994-002

9. ?33RR63-002
9.?33R863-002
9.?335576-002
9.2335576-00n

9.7335639-002
9.?339639-nO2

1.s427348-003
6.4362580-003
6.?485125-003

6.?44?046-003

6.?443614-003
6.7443633-003
6.?443633-003
6.P443633-003
6.?443633-003
6.?443613-003

zi

z

z



I SH3 = -2.39R4592-002 -1.1680643-003
2 SM3 = -2.3984592-00? -1.1680643-003
3 SM3 = -2.5811565-00? -1.0764698-003
4 SM3 = -2.5811565-00? -1.0764698-003
S SM3 = -2.580R14?-007 -1.0696896-003
6 SY3 = -2.580R142-00? -.10696896-003 Z
7 S

M3 = -2.5808144-007 -1.0697197-003
8 SM3 = -2.5808144-00? -I.n697197-003
9 SM3 = -2.S808144-00? -1.0697195-003
10 5M3 = -2.580R144-00? -1.0697195-003

00
CJ1t SPHFROID 2 CONTRIRUTION TO THE ACOUSTIC PRESSURE (NTS/SQUARE METER) AT THE INPUT NEARFIELD POINT pd

REAL PART IMAGINARY PART MAGNITUDE PHASE ANGLE (DEGREES) _t
03

-1.05800*00S -1.56066-005 1.88S48-00S -124.134

TOTAL ACOUSTIC PRFSSlURE (NTS/SOUARF METERI AT THE INPUT NEARFIELD POINT ( 0.00000+000- 0.00000+000. 2.00000+000)

PEAL PART IMAGINARY PART MAGNITUDE PHASE ANGLE (DEGREES)

-5.09703+004 -1.28934-006 1.29035-006 -92.264

fiiI i s7 Vi3Nfl


